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The study, Winter Diving Surveys of Main Channel Microhabitats and Fish
Populations in Mississippi River Reaches Subjected to Thalweg Disposal,
was conducted under a memorandum of understanding between the Iowa
Cooperative Fisheries Unit and the Board of Trustees, University of
Illinois. The actual research was performed by the Illinois Natural
History Survey, a division of the Department of Energy and Natural
Resources. The form, content, and data interpretations made in this
report are the responsibility of the University of Illinois and the
Illinois Natural History Survey.
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ABSTRACT
Surface-support research diving methods were used under ice to investigate
Pool 13, Mississippi River, main channel microhabitats and their winter
fish populations. Dives were made at five sites, including two where
dredged sand had been deposited in the thalweg 3 months earlier. Four
categories of main channel microhabitats were identified based on their
stability, the principal factor that controlled their populations.
These categories were, in decreasing order of stability: stable
substrates with cover, stable substrates without cover, sand flats, and
sand dunes. Moderate to large, dormant, flathead catfish selected stable
substrates with cover. Small to moderate, less dormant, channel catfish
selected stable substrates without cover and sand flats. One dormant
shovelnose sturgeon was observed. It was partially buried in a sand flat
microhabitat. Sand dunes did not support any fish. Microhabitats were
classified according to the ecological functions they supported and the
sites where they were observed. One thalweg disposal pile was placed on
sand dunes and consequently did not appear to have any direct ecological
effects. The other disposal pile was placed on a combination of more
valuable microhabitats and resulted in reduced microhabitat functions and
increased mortality (non-quantified) of mussels, periphyton, and
invertebrates. Future thalweg disposal operations should include routine
pre-disposal investigations of river substrates and populations to prevent
burial of populations or changes in microhabitat conditions. Observed
dormancy of flathead catfish, channel catfish, and shovelnose sturgeon
indicated that these species would be highly susceptible, depending on
their proximity to the main channel, to disturbances associated with
winter commercial navigation.
WINTER DIVING SURVEYS OF MAIN CHANNEL MICROHABITATS AND FISH
POPULATIONS IN MISSISSIPPI RIVER REACHES SUBJECTED TO THALWEG DISPOSAL
INTRODUCTION
In 1982, the Upper Mississippi River Fish and Wildlife Interagency
Committee (F.W.I.C.) developed a plan to evaluate the environmental
impacts of thalweg disposal of dredged material. This plan resulted from
previous recommendations by the Great River Environmental Action Team to
collect information related to all types of disposal (F.W.I.C. 1982).
Thalweg disposal differs from other disposal methods in that the material
(mostly sand), dredged from river reaches where navigation might be
impeded, is deposited in the deepest part of the river channel. The
material may be assimilated as part of the normal bed load, may remain at
the site, or may move into other areas (F.W.I.C. 1982).
Main channel river habitats, including those in the thalweg, have
generally been considered barren. River biologists, however, have
recently shown that these habitats can play important roles for juvenile
(Sparks and Starrett 1974, L.G.L.E.R.A. 1981) and overwintering (Hawkinson
and Grunwald 1979) catfish. These observations prompted the F.W.I.C. to
include an assessment of thalweg disposal impacts on main channel habitats
and fish populations as part of the study.
The original objective of this study was to compare winter observations
of main channel habitats and fishes made before and after experimental
thalweg disposals in Pool 13, Mississippi River. Unacceptable river
conditions (i.e., broken ice, high current velocities, and high
turbidities) in January and February 1983 forced the cancellation of
pre-disposal diving surveys. Our objectives in 1984, therefore, were to
survey the selected sites and compare habitats and fish populations in
disposal with non-disposal areas. During a 2-week period we compiled
approximately 20 hours of "down time" at five sites. Observations
included voice recordings, written records, still photographs, and video
tapes describing substrates, cover, fishes, mussels, and physical and
water quality variables. These data provided a framework for an
ecological classification system for main channel habitats, information on
winter habitats and behavior of fish, and two case histories for use in
predicting biological effects of thalweg disposal and winter navigation on
the Mississippi River.
DIVE SITES
Pool 13 dive sites (Table 1, Figures 1-7), included two thalweg disposal
sites and three additional sites that had previously been selected by the
F.W.I.C. as representative of specific microhabitats (Stang et al. 1984).
Our original plan called for dives at three other non-disposal sites, but
time and funding constraints prevented their completion.
Stang et al. (1984) described the sites as follows:
The eight sample sites are all located upstream of Sabula,
Iowa in the riverine-type reach of the pool. Each sample site
is about 1200 ft (366 m) long and 300 ft (91 m) wide. All
sites are located at least 30 ft (9 m) from the bank to limit
principal structures of the sample site to those formed by the
substrate only. The substrates at all sites except those in
the main channel border are composed of medium to fine sand.
The main channel border site substrates ranged from rock to
fine sand.
The chronological order of the dive sites (Table 2) was determined
considering their observational value (i.e., thalweg disposal sites were
considered high priority sites) and the logistics of getting equipment and
personnel to each site while minimizing travel times. Exact positions of
dive holes used at each of the sites were described using compass bearings
to landmarks and measured distances to shorelines or other dive holes
(Table 2). Distances, in meters, to points or shorelines were measured
using a 50-m plastic measuring line and were considered more accurate
(within 0.5 m) than compass readings (within 1 degree). The measuring
3Table 1. Pool 13 thalveg disposal sampling sites (modified from Stang et al.
1984). Ice dives were conducted in January 1984 at five sites.
Throughout this report, dive sites will be referred to by their
site number in this table.
Site River
No. Bank/Mile
553.6-553.4R
552.1-551.9L
549.1-548.9R
548.9-548.7R
547.7-546.5R
545.7-545.5R
540.0-538.8R
538.8-538.8L
Initial Site
Microhabitat Classification
Main
Main
Main
Main
Main
Main
Main
Main
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
- Unsheltered
- Dunes
Border-Scour Hole
Border-Scour Hole
- Dunes
Border - Dunes
- Scour Hole
- Scour Hole
Disp.
Code Site
(1) 1983(2)
D-1
S-1
MCB-1
MCB-2
D-2
S-2
MC-1
MC-2
YES
NO
NO
NO
NO
NO
NO
YES
Dive
Site
1984
YES
YES
YES
YES
NO
NO
NO
YES
Chronolo-
gical
Dive Order
4
5
3
2
1
1
2
3
4
5
6
7
8
(1) Site codes correspond to those used in F.W.I.C. reports.
(2) Sites where experimental thalweg disposal was completed in 1983.
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Figure 1. Pool 13, Mississippi River, with 1984 winter dive sites.
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Figure 5. Dive hole positions at Dive Site No, 2,
Figure 6. Dive hole positions at Dive Site No, 3 and 4.
Figure 7. Dive hole positions at Dive Site No. 8
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Table 2. Dive hole locations. Compass bearings include a 3-degree
east magnetic declination appropriate for Pool 13. See also
Figures 4-7.
Dive
Hole
No. Location Description
1 1 a) S 29 E bearing to light and daymark on Iowa bank at
mile 553.4.
b) S 81 E bearing to toe of Island 249 (directly across
from daymark described in "a").
c) N 35 W bearing to toe of Harrington Island.
d) 112 m from Iowa shore, on perpendicular line to bank.
1 2 a) 72 m from Iowa shore along a perpendicular through dive
hole number 1.
1 3 a) 92 m from Iowa shore along a perpendicular through dive
hole number 1.
b) S 25 E bearing to light and daymark on Iowa bank at
mile 553.4.
c) S 82 E bearing to toe of Island 249 (directly across
from daymark described in "b").
d) N 21 W bearing to light and daymark on Illinois bank at
mile 554.8.
1 4 a) 30 m upstream from light and daymark on Iowa bank at
mile 553.4.
b) 40 m from Iowa bank.
2 1
3 1
a)
b)
c)
S 65
S 35
60 m
E bearing to daymark at mile 551.9.
W bearing to toe of small island at mile 552.1.
from Illinois bank.
a) N 62 W bearing to toe of Casey's Island.
b) N 56 E bearing to middle of proving ground access point
on Illinois bank at mile 548.9.
c) 80 m from Iowa bank.
4 1 a) N 39 W bearing to light and daymark on Illinois bank at
mile 550.1.
b) N 25 E bearing to middle of proving ground access point
on Illinois bank at mile 548.9.
c) Over crest of a submerged rock pile, no longer in use as
a foundation for a daymark.
8 1 a) S 36 E bearing to daymark at mile 538.7.
b) S 89 W bearing to upstream tip of penisula on Iowa bank
at mile 538.8.
c) 95 m from island bank to east.
8 2 a) S 33 E bearing to daymark at mile 538.7.
b) S 87 W bearing to upstream tip of penisula on Iowa bank
at mile 538.8.
c) 75 m from island bank to east.
---------------- ---- ---- ---- ----
Dive
Site
No.
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line became brittle and difficult to use, however, when air temperatures
during the first week of the project fell below -23.3 C (-10.0 F).
METHODS
General
Commercial surface-support ice diving gear was used for all dives. Air
was supplied from tanks on the surface of the ice through a 69-m (225-ft)
umbilical line. Maximum down time per day was 217 minutes. Dry suits
(Uni-suit*) and 2-3 layers of long underwear were worn for thermal
protection.
Most dives were made using a Kirby-Morgan Model No. 7 band mask. A
"Super-light" helmet was used on two dives. The helmet resulted in
slightly clearer voice transmissions between the diver and the surface,
but was considerably heavier than the band mask and restricted the
mobility and peripheral vision of the diver, particularly since it doubled
the amount of layered neoprene around the diver's head and neck.
Approximately 18-22 kg (40-50 lbs) of weight was necessary for the diver
to obtain negative buoyancy and remain on the bottom at the current
velocities encountered.
A Nikonos IV-A underwater camera was used for still photographs. The 0.8-
m (2.7-ft) minimal focal length of the standard 35-mm lens (equivalent to
50 mm in air) provided with the camera, was not short enough to yield
sharp close-up photographs under the turbidity conditions encountered. We
attached a close-up lens to the camera after the first two photographic
dives. At the same time we stopped using a filter designed to enhance
natural underwater color, because it limited available light. A light
meter was used to manually set F-stops. A 600-watt underwater light,
powered by a portable generator through the umbilical line, was used to
provide illumination for both visual observations and photographs. Film
types included 1000 ASA for color prints, 400 ASA for color slides, and
160 ASA (tungsten) for color slides. The 400-ASA film had to be pushed to
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800 ASA, and the 160-ASA film to 640 ASA, due to low light conditions. A
custom-built black-and-white video camera (Busch Oceanographic Equipment
Co.), monitor, and V.H.S. video tape recorder were used to produce tapes
at Sites 1 and 3. Later, sound tracks from standard cassette tapes were
dubbed onto the video tape voice tracks. During non-video tape dives,
voice recordings of the diver's observations were made as a back-up to the
written records; once the written records were checked and archived, the
voice cassettes were re-used.
An airboat transported equipment and personnel to each dive site. Dive
holes, approximately 1 x 1 m, were cut through 38-45 cm (15-18 in.) thick
ice using a power auger and either a hand ice saw or a chain saw.
Research Diving Operations
Dive zone positions were determined using bathymetric maps,
soundings, results of previous biological sampling programs, and in the
case of Site 3, flathead catfish, Pylodictus olivaris, radiotelemetry
results. Once the anticipated center of the dive zone (Figure 8) was
determined, a dive hole was cut through the ice approximately 25 m
upstream. A guidepole, constructed of 3-m (10-ft) sections of light steel
antenna mast, was lowered through the dive hole and forced into the bottom
as far as possible. The first dive at a site typically included an
equipment check just under the surface of the ice, a descent to the bottom
to check turbidity and velocity conditions and to anchor the guidepole,
and deployment of a centerline (also called a groundline) from the base of
the guidepole to the downstream center of the dive zone (usually a
distance of 50-69 m). The centerline was marked with numbered tags and
small steel rings at 5-m intervals. It was deployed by unspooling it from
a modified automobile wheel while backing downstream. A sideline was
marked with tags at 1-m intervals and equipped with a clip to connect it
to the centerline, and a stake to anchor both lines to the bottom. Both
lines were used by the diver as reference points for observations.
Although the sideline tended to bow with the current, when pulled taut it
gave a reasonable estimate of the lateral distance covered by the diver.
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During deployment of the centerline on the first dive, extra care was
taken to accurately count all organisms, since we discovered that numbers
of fish tended to decrease with consecutive dives from the same hole due
to disturbance by the diver. Dive times were summarized by date, site,
and hole (Table 3).
On four occasions, either because the dive was made for a quick evaluation
of the substrate (Dive Reports 13 and 17, Appendix I), or because the dive
was made over a steep-sided rock pile (Dive Reports 8 and 19, Appendix I),
the centerline and sideline were not used. During these dives, tape
marks on the umbilical line were used to estimate the distance of the
diver from the dive hole.
Subsequent dives were made to photograph the site and to cover more
lateral areas from the centerline. The diver's movements were charted
using dive maps (Figure 8) and positions and observations were recorded in
a dive log. Individual dive reports (Appendix I) were later prepared from
the log.
A Pygmy current meter, that had one of its vanes marked with a small piece
of black tape, was positioned by the diver to measure current velocities.
The diver counted revolutions of the vane during a given time period.
Sub-surface water clarity was measured using a Secchi disc. Measurements
of temperatures and dissolved oxygen concentrations were limited because
the probe froze during the second day of the project and functioned poorly
thereafter. However, relatively homogenous water quality among the sites
during different seasons was reported by Stang et al. (1984).
Water depths were measured from the surface of the ice using the guidepole
or a depth sounder. The diver reported depths during dives using a wrist
depth gauge. These readings were converted to actual depths (given in the
dive reports in Appendix I) using a calibration table.
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Table 3. Summary of ice dives.
Date
1984
January
January
Dive
Site
No.
17
17
8
8
Dive
Hole
No.
1
1
Dive
No.
1
2
Dive
Report
No. (1)
1
2
Diver Down Time (min)
January 18
January 19
January
January
January
20
20
20
January 23
January 23
January
January
January
January
January
January
January
January
January
January
January
January
24
24
24
24
25
25
25
25
26
26
27
27
8 2 1 3 Anderson
4 1 1 4 Anderson
4
4
4
3
1
1
1
1
1
1
3
1
1
1
1
1
1
1
1
2
3
3
3
4
3
1
1
1
2
3
4
1
1
2
3
4
1
1
2
3
1
4
2
1
2
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
Anderson
Anderson
Lubinski
Anderson
Anderson
Anderson
Anderson
Lubinski
Anderson
Anderson
Lubinski
Anderson
Lubinski
Anderson
Anderson
Anderson
Anderson
1 - Dive report numbers correspond to those in Appendix I.
Anderson
Anderson
43
100
46
65
73
60
36
85
30
65
65
62
25
56
43
55
20
90
67
34
72
@on Ow ý ý 6ý4=.
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RESULTS
Since several of our in-field decisions were made based on information
gained as each site was completed, results in this section are presented
in the same chronological order as the dives.
Site 8
A thalweg disposal pile was placed at this site in late October 1983.
Pre- and post-disposal bathymetric maps (Figures 9a and 9b), guidepole
soundings, and compass readings were used to estimate the center of the
two dive zones explored at Site 8. Dive Hole 1 was located in water where
depths matched those of a broad area 6.1-7.6 m (20-25 ft) deep, apparently
created as a result of the disposal (Figure 9b), and 25 m upstream from
the only major sand dune identified from 50 soundings in the area. All
soundings indicated a loose sand bottom.
Two dives indicated that all substrate in Dive Zone 1 was characterized by
clean, moderate- to coarse-grained sand. With the exception of a small
depression 12 m downstream from the dive hole and the dune crest 25 m
below the dive hole (1 m in height), the only microhabitats observed were
small, randomly distributed ripples on the sand bottom. Water depths
along the centerline ranged from 7.0 to 8.5 m. No live organisms and very
little detritus were observed. Approximately 113 m2 [75 m (linear) x 1.5
m (average width of visual path)] of bottom surface area was observed in
Dive Zone 1.
Surface water quality at Dive Hole 1 was: temperature, 0.0 C; dissolved
oxygen, 13.0 mg/L; Secchi disc visibility, 93 cm; and velocity, 0.46
m/sec.
Dive Hole 2 was located 20 m east of Dive Hole 1 on a line perpendicular
to the bank of the island (Figure 9b). Soundings indicated that this
position would provide access to a broad, deep channel running between the
disposal site and the island. Soundings in this area, like those around
16
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Dive Zone 1, indicated loose sand bottoms. The single dive made in Dive
Zone 2 indicated that the large dune observed in Dive Zone 1 did not
continue into the deeper channel area. Water depths along the centerline
ranged from 7.9 to 9.1 m. Otherwise, no differences in substrates,
microhabitats, or populations from those in Dive Zone 1 were observed.
Approximately 75 m2 of bottom surface area were covered in Dive Zone 2.
The electrical generator malfunctioned during the dive on Dive Zone 2,
forcing the diver to return to the dive hole under natural light
conditions. Once the diver's eyes became adjusted to the darkness, he
reported that he could easily see the yellow plastic centerline during his
return. Some sunlight, therefore, was transmitted through the ice and
water column and was available for primary production in the main channel
habitats.
Two sand samples were collected in Dive Zone 2 for analysis of a
fluorescent dye that was mixed into the dredged sand at this site during
disposal. Samples were collected from the crest of a small dune 4 m
downstream from the dive hole, and from a flat area 50 m downstream from
the dive hole. Samples were analyzed by Ecological Services, Rock Island
Field Office, U.S. Fish and Wildlife Service.
Site 4
Site 4 (Figure 6) was described by Stang et al. (1984) as an important
commercial fishing area, with its in-shore boundary at the 7.6-m (25-ft)
contour interval and extending 91 m (300 ft) towards the navigation
channel. The site was selected to represent a main channel border scour
hole in the thalweg. The downstream border of the site was marked by the
mouth of the Maquoketa River. Trawls at the site had often become
snagged, indicating underwater log piles or debris.
The center of the dive zone was selected following radiotelemetry
identification of a flathead catfish location on the day of the first dive
(D. Stang, Iowa Cooperative Fisheries Unit, personal communication). The
18
single dive hole used at the site was positioned near the upstream
boundary of the site (Figure 6).
Four dives, covering 105 m2 , were made at Site 4. The divers reported
slightly better water clarity at this site than at Site 8, but they
disturbed more fine sand-silt particles, creating localized turbidity
clouds. As a result, the standard practice for the diver on photographic
dives became to swim above the surface of the bottom to the downstream end
of the dive zone, and photograph the dive zone while progressing upstream.
Depths along the centerline (10.1-11.0 m) verified that the dive zone was
relatively deep and flat. Substrates were more stable than at Site 8, but
variable in composition and patchy, ranging from silts and fine sands to
pebbles, gravel, cobbles, and mussels (live clams and dead shells)
imbedded in clay or clay/sand matrices. The patchy nature of the
subtrates was related to non-uniform current velocities across the dive
zone. Along the centerline, three log piles were observed, one at the
base of the guidepole, one 25-30 m downstream, and one 50 m downstream.
Detritus, mostly in the form of coarse fragments or whole leaves of both
terrestrial and aquatic plants, occurred around larger rocks and in the
crotches of twigs and branches. The surfaces of most rocks, shells, and
logs were covered with periphyton, and many, particularly the surfaces
well above the bottom, supported dense numbers of caddisfly cases. We
later estimated these densities to be approximately 1,000/m2 .
Many mussels and dead shells were observed. One area, several meters in
diameter, was completely covered with dead shells. Most of the live
mussels were partially imbedded in the substrate, making population
estimates and identification difficult unless the diver took the time to
extract them. Only a few of the live mussels were observed in a near
vertical position with their siphons extended. Species included pink
heelsplitter, Proptera alata (Say); threeridge, Amblema plicata (Say);
hickorynut, Obovaria olivaria (Rafinesque); washboard, Megalonaias
gigantea (Barnes); and fawnsfoot, Truncilla donaciformis (Lea). We later
estimated maximum densities of live mussels were 50/m2 .
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Flathead catfish used the log piles exclusively and heavily. The
radio-tagged fish located on the first day was using the log pile 25-30 m
downstream from the guidepole, but moved (D. Stang, personal
communication) once diving operations (i.e., transporting equipment to
dive zone in the airboat and cutting the dive hole with a chain saw)
began. Two non-tagged fish were observed at that log pile on the first
dive, but none were observed there the following day.
During the third dive, an area of 25 m2 within the log pile at the base of
the guidepole was searched. Approximately 30 flathead catfish, ranging in
total length from 38-91 cm, were observed; all were associated with either
a log or another fish. Estimated average individual weight of these fish
were 1.8-2.3 kg (4-5 lbs). No large accumulation of silt or fine sand was
observed on the fish, and only a few parasites (leeches) were observed.
Three current measurements were made by the diver. At the head of one
catfish, 15 cm above the bottom, current velocity was 0.11 cm/sec. At the
dorsal fin of the same fish, current velocity was 0.07 cm/sec. At a point
12 m downstream from the guidepole and 30 cm above a flat bottom, current
velocity was 0.29 cm/sec.
Other fish observed included several dead gizzard shad, Dorosoma
cepedianum, in various stages of decomposition and one channel catfish,
Ictalurus punctatus. A dead gizzard shad was located directly under the
lower jaw of a flathead catfish. The channel catfish, approximately 15 cm
in total length, actively swam away from the diver over a flat bottom
area, 35 m downstream from the guidepole.
Site 3
Site 3 (Figure 6) was immediately upstream from Site 4 (Stang et al.
1984). Its upstream border was marked by a submerged rock pile (old
daymark foundation) approximately 48 m (150 ft) from the Iowa bank, and
just below the mouth of a side channel formed by Casey's Island. Site 3
was defined as lying within the 25 and 30 ft contours, and like Site 4,
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was selected to represent a main channel border (MCB) scour hole.
Commercial fishermen often used the site, and the area downstream of the
rock pile frequently yielded high relative abundances of catfish during
previous biological sampling programs.
Technically, the rock pile and eddy area immediately downstream were not
considered part of the site; they were included in the study because of
their proximity to the site and their presumed importance in providing
cover and microhabitat diversity.
The single dive hole at Site 3 was located (by soundings) directly above
the rock pile, to allow the diver to explore the rock pile as well as the
scour area downstream. The steep sides of the rock pile prevented the use
of groundlines, but estimates of the diver's distance from the dive hole
were made using marked intervals on the umbilical line.
The first dive was divided into four parts. During the first three
parts, the diver, covering approximately 60 m2 on the rock pile, ascended
and descended using different lens and filter arrangements on the still
camera. Photographs taken were printed within hours after the dive. They
demonstrated that best success was obtained using a close-up lens without
any filter.
During part four of the first dive, the diver surveyed approximately 200
m2 downstream of the rock pile and a log pile at the upstream base of the
rock pile. Fish, mussel, and habitat observations made during this dive
were numerous and prompted us to return to this site during the following
week to make a second dive with the video camera.
The rock pile was constructed of gravel, cobbles, and boulders up to 90 cm
in diameter. The faces of these boulders were covered with periphyton and
caddisfly cases and occasionally a fine layer of sand. Sand of varying
grain sizes occurred in pockets between the rocks, as did dead mussel
shells and an occasional dead gizzard shad. A total of 15 flathead
catfish (30-38 cm TL) were observed on the sides of the rock pile. These
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fish were using crevises between boulders. One flathead catfish
positioned the front half of its body into a vertically oriented empty
mussel shell. Only one channel catfish was observed on the rock pile,
oriented into the current behind a log. Other organisms observed on the
log pile included an unidentified crayfish and a logperch, Percina
caprodes. Only one of the fish observed, a flathead catfish, exhibited
any external pathology, a small spot of fungus on its caudal fin.
Log piles at the side and upstream base of the rockpile contained many
flathead catfish (approximately 25 individuals over 25-30 m2 ); all were
nestled into cavities out of direct current.
The largest flathead catfish observed (129 cm TL) at this site was located
on the bottom of the channel a few meters from the base of the rock pile,
not behind any immediate structure. During a 5-minute observation period,
this fish did not actively respire. Its mouth and opercles were slightly
open, allowing an ambient flow of water over the gill surfaces, which
apparently provided enough oxygen for the fish in its dormant state. The
fish did not respond to the high-intensity dive light or to the activities
of the diver.
With the exception of a small bar of uniform sand, the scour area
downstream of the rockpile was very similar to the river bottom observed
at Site 4. The sand area appeared to mark a depositional zone where flow
eddied behind the rock pile. The boundary between the sand bar and
stable bottom, by definition, marked the upper end of Site 3. The
substrate of the downstream scour area was patchy, ranging from gravel and
cobbles to areas dominated by live mussels or dead shells. Some patches
contained detritus, including both terrestrial and aquatic plant remains
and periphyton. The dominant species observed in the downstream scour
area was channel catfish. Most of these individuals were small (10-18 cm
TL) and were typically associated with sand ripples, cobbles, or shells
that provided a break in the current. Also observed in the downstream
scour area were a few flathead catfish, numerous dead gizzard shad, and a
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silver lamprey, Ichthyomyzon unicuspis, (27 cm TL) attached to the convex
side of a single mussel valve in water 13 m deep.
Site 1
Site 1 (Figure 4) was selected to represent unsheltered main channel
habitat (Stang et al. 1984). Like Site 8, a thalweg disposal pile was
placed at this site in late October 1983. The site was defined by 6.5-m
(20-ft) contour lines beween river miles 553.6 and 553.4. Bathymetric
maps and soundings were used to locate the first dive zone over the
thalweg disposal pile. Dive Hole Nos. 2 and 3 were located 40 and 20 m
west, respectively, of Dive Hole No. 1 to locate and explore the edge of
the disposal pile. Dive Hole No. 4 was located near the downstream,
nearshore border of Site 1 to explore bottom conditions in an area where
walleye eggs had previously been collected (John Pitlo, Iowa Conservation
Commission, Belleview, personal communication).
Dive Zone No. 1 ranged from 7.0 to 8.5 m deep. Four dives were made in
this zone, covering a total of 276 m2. The zone was characterized by
unstable sand dunes similar to those observed at Site 8. Two large
(approximately 1 m high) dunes and two small dunes (approximately 0.3 m
high) were encountered along the 61-m centerline. Unlike Site 8, however,
the dunes in Dive Zone No. 1, Site 1 contained scattered mussels (maximum
densities of 6-8/m2 ), particularly on their downstream slopes or near the
bases of their downstream slopes. The most common mussel species observed
were hickorynut and butterfly, Elipsaria lineolata (Rafinesque). Other
species included black sandshell, Ligumia recta (Lamarck); giant floater,
Anodonta grandis (Say); fragile papershell, Leptodea fragilis
(Rafinesque); fawnsfoot, pink heelsplitter and wartyback, Quadrula
nodulata (Rafinesque). This species list only includes those individuals
that were easily visible (i.e., 60% exposed) to the divers as they swam
over the bottom. Little time was spent extracting specimens from the
substrate. I estimate that the above list includes at least 70% of the
mussel species that were present on the disposal pile.
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Each species was represented by several size classes. Most mussels
observed on the pile were partially buried in the substrate and in a
vertical position. In one area, the number of dead shells observed
approximately equalled the number of live mussels, but on most of the pile
live mussels outnumbered dead shells. A few live mussels supported
caddisfly cases on their dorsal surfaces, but most shells were clean and
smooth.
One dive was made at Dive Zone No. 2, covering 103 m2 . Depths ranged from
5.8 to 6.1 m at the far west side of the zone, from 7.0 to 7.8 m at the
centerline, and from 7.6 to 8.5 m at the far east side of the zone. Its
substrate was similar to that observed at Sites 3 and 4, comprised of a
hard sand/clay matrix with imbedded gravel and cobbles. The far east side
of the dive zone included a 2- to 3-m 2 patch of bedrock, partially exposed
but otherwise covered with a thin layer of sand. Live mussels, dead
shells, and snail densities were very high in this zone, with 150-200
small mussels/m2 . The presence of relatively high amounts of detritus
indicated that this was a depositional area during low flows. No notes
were made of mussel species composition. Fishes observed were a small
channel catfish, two silver chub, Hybopsis storeriana, and two gizzard
shad.
Dive Zone No. 3 was located directly above a patch of bedrock similar to
that observed at the east edge of Dive Zone No. 2. Four dives were made
at this zone, covering 249 m2 ; the last was a video camera dive. Depths
along the centerline did not vary measurably from 8.5 m. Substrate along
the centerline included open bedrock, bedrock covered with sand, and
patches of gravel, cobbles, and pieces of bedrock. To the right (east) of
the centerline, divers found varying thicknesses of sand that eventually
merged into the dunes previously observed on the disposal pile in Dive
Zone No. 1. The divers were not able to excavate through more than 10-20
cm of sand, however, to determine if the disposal pile was overlying
bedrock or another stable substrate. To the left (west) of the
centerline, substrates graded irregularly into gravel/cobble substrates
typical of Dive Zone No. 2. Mussel densities were highest on the
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gravel/cobble substrates to the left of the centerline and gradually
declined at the edge of the disposal pile. Again, observed mussel
densities on the edge of the disposal pile were highest on or near
downstream slopes of dune crests. Some mussels were observed with
deposited sand in cracks or depressions of the bedrock along the
centerline. Many live mussels along and to the immediate left of the
centerline were lying on their sides. Mussel species observed, in
addition to those already reported in Dive Zone No. 1, included washboard;
pigtoe, Fusconaia flava (Rafinesque); fat mucket, Lampsilis radiata
siliquoidea (Barnes); mapleleaf, Quadrula guadrula (Rafinesque); and
threehorn, Obliquaria reflexa (Rafinesque).
One brief dive, covering 52 m2 , was made at Dive Zone No. 4, downstream
from the previously described zones. Dive Hole No. 4 was located above
the point where a relatively flat area of the channel met the noticeably
steep submerged western bank. Depths ranged from 7.3 m below the dive
hole to 6.4 m on the submerged bank. Current velocity was considerably
greater than that at Dive Zone Nos. 1-3. Substrate was a mixture of
relatively large gravel, cobbles, and some boulders in a hard sand/clay
matrix. Densities of live mussels and dead shells were high. There was
less sand covering the substrate and periphyton growth was very high.
Mussel species composition was unchanged, but most live mussels were
submerged in the substrate. One fish, a relatively active flathead
catfish, 36 cm TL, was observed at this zone.
Site 2
Site 2 (Figure 5) was selected to represent main channel-dunes habitat
(Stang et al. 1984). It lies within a wide area of water, 4-5 m (12- 15
ft) deep in the main channel and the thalweg, commencing about 61 m (200
ft) out from the Illinois shoreline and extending for 91 m (300 ft). The
lower end of the site is across from the upper end of Crooked Slough. A
series of wingdams lie on the opposite side of the channel.
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Two dives, covering 100 m2 , were made at this site from one dive hole.
Depths along the centerline ranged from 5.7 to 7.0 m. Substrate was
medium grain, clean sand with little or no detritus. Randomly scattered,
small ripples were the most common microhabitat features observed. One
medium dune crest (0.4 m high) occurred along the 60-m centerline.
Downstream and to the right of the crest was a broad depression
approximately 0.6 m deep. Current velocity, 1 m above the bottom directly
under the dive hole, was 0.07 m/sec. At the same location, but 4 m above
the bottom (3 m below the ice), current velocity was 0.40 m/sec.
A few mussel shells, but no live individuals, were observed in the dive
zone. A number of small fishes used the sand ripples to break the
current. Species included channel catfish (3), logperch (4), and silver
chub (3). A shovelnose sturgeon, Scaphirhynchus platorynchus, (46 cm TL)
was observed partially buried in soft sand in the middle of a small ripple
trough. The fish was oriented into the current, with its ventral fins
anchoring it in the substrate against the current. The sturgeon was quite
dormant and did not respond to the diver's activities until it was prodded
with a ruler. At that time the sturgeon swam a short distance, barely
above the substrate, until it settled, apparently negatively buoyant,
again on the sand. When the diver started to leave the area, the sturgeon
followed the diver and dive light for a short distance.
DISCUSSION
Ecological Classification of Main Channel Microhabitats
The eight main channel sites selected for this study (five of which were
eventually explored) were previously divided into four microhabitat
categories (Table 1). The categories were based on criteria (i.e., depth,
near-area bottom morphometry, and position relative to the navigation
channel) that were assessed using bathymetric maps.
Our observations revealed several limitations in this classification
system. No microhabitat conditions (i.e., depth, substrate composition,
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and velocity) were identified that clearly distinguished the "main
channel" from the "main channel border" sites. This was not surprising
since the dividing line between these catagories was based only on the
definition of the 9-foot navigation channel (Rasmussen 1979). In
addition, the "dunes", "unsheltered", and "scour hole" sub-categories
failed to accurately describe the sites. For example, Site 8, a "main
channel-scour hole" site, although relatively deep, appeared to be
characterized by dunes even before thalweg disposal. Sites 3 and 4, "main
channel border-scour hole" sites, contained many patches of fine sand,
detritus, and periphyton growth. Scouring was not evident at these sites.
Finally, Site 2, a "main channel-dunes" site, only contained one
moderately sized dune and relatively moderate velocities. Given that the
classification system was based on a minimal amount of "first-hand"
information, its inaccuracies were understandable. The importance of
developing an accurate and ecologically useful classification system for
main channel microhabitats to assess long-term changes or impacts
resulting from river development was also understandable. Our
observations suggested a simpler system based on associations between
communities and river bottom environment.
The major criterion that controlled winter community structure in the main
channel sites was the presence of stable microhabitat conditions. Stable
microhabitat conditions existed in areas of: (1) hard sand/clay substrates
with mixtures of gravel, cobbles, bedrock, and shells; and (2) boulders or
logpiles. Non-stable conditions were associated with either naturally
occurring sand flats or dunes, or the artificial dunes created as a result
of thalweg disposal. Sites 3 and 4 and the areas of Site 1 unaffected by
thalweg disposal were stable microhabitat areas. Sites 8, 2, and the
disposal area of Site 1 were unstable microhabitat areas. River
geomorphologists probably would equate the unstable microhabitats with
areas that permanently or intermittently carried a bedload. None of the
sites we explored included areas of long-term deposition.
Stable microhabitats supported higher diversities and densities of
periphyton, invertebrates, mussels, and fishes than did unstable micro-
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habitats through several mechanisms. Stable substrates provided surface
areas for colonization and growth of periphyton and invertebrates. Stable
substrates also provided a suitable medium for mussels to anchor and grow
in. Boulders and logpiles provided vertical cover and shelter from the
current for fishes, as well as surface area for periphyton and
invertebrates.
Although log piles might be unstable at high flow rates, those we observed
were apparently firmly imbedded in the river bottom. They may shift only
in response to very high flow. Mike Talbot (Wisconsin Department of
Natural Resources, personal communication) has observed flathead catfish
returning to logpile "dens" in consecutive winters.
In addition to the presence of cover within stable microhabitats, the
presence of sand seemed to control winter community structure. Thin
layers of deposited sand on stable substrates buried periphyton and
invertebrates. In areas of higher velocity, such as the bedrock patches
at Site 1, the presence of sand resulted in scouring of such organisms.
The presence of sand in stable habitats, in turn, was related to the
proximity of the area to active bedload. At Site 1, Dive Zone No. 4,
velocities were relatively high, but the area was well removed from the
active bedload. As a result, the amount of sand overlying the substrate
was minimal and periphyton biomass was very high. Increased light
penetration throughout the year, however, resulting from shallower depths
on this zone, may have also contributed to high periphyton levels.
Sand flat microhabitats were less stable than those described above.
Periphyton and invertebrates were not able to colonize these sand
substrates. Under the flow conditions present during the study, ripple
troughs in the sand flats did provide some shelter for smaller, less
dormant fish and one dormant shovelnose sturgeon. In addition, I suspect
that before disposal, sand flats at Site 1 supported some mussels
associated with an adjacent mussel bed on stable substrate.
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Sand dune microhabitats were the least stable and had few attributes to
attract winter populations. Although the dune crests provided breaks in
the current, no fish were observed using these microhabitats.
Mussels were the only organisms associated with sand dunes and these were
the thalweg disposal dunes at Site 1, adjacent to the mussel bed noted
above. Were these mussels using the dunes preferentially? The lack of
live mussels on any "naturally occurring" dunes suggested that the mussels
were not using the disposal pile because of any inherent favorable
conditions. Probably most mussels on the pile dunes migrated from the
adjacent bed or tunneled up through the pile after burial. Unstable sand
dunes were the least ecologically valuable main channel microhabitats
observed.
Trawls taken in several microhabitat types in summer indicate that
young-of-the-year and juvenile channel catfish may prefer dune
microhabitats (John Pitlo, Iowa Conservation Commission, personal
communication). The fish may select the slower currents behind the dunes
or the detritus that builds up in the troughs during spring and summer.
This contradiction with our winter observations suggests that ecological
values of main channel microhabitats may be dependent on season. The
microhabitat functions described here were based on a limited number of
species. Fish that are active during winter may use unstable
microhabitats to a greater extent.
Considering only winter conditions and the fishes observed, the main
channel sites were classified based on microhabitat stability (Table 4).
We identified four main channel microhabitat categories, but more
observations would probably reveal that there are stability gradients
between these microhabitats rather than strict lines of demarcation. It
is particularly difficult to distinguish between sand flats and sand
dunes, sand flats being areas that are only temporarily stable during low
flows.
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Table 4. Dive site occurrence and winter ecological functions of Pool 13, main
channel microhabitats. Functions include those observed during dives.
Note the relatively higher value (i.e., greater number of functions)
of stable microhabitats and the total absence of Site 8 from this
table. Preand post-disposal, sand dune microhabitats at Site 8 did
not support any of the functions listed here.
Sites With Microhabitat Functions:
Stable Substrates: Unstable Substrates:
Winter Ecological Micro-
habitat Function with cover without cover sand flats sand dunes
Permanent (a) shelter for
very dormant fish:
- flathead catfish 3,4 l(c)
- silver lamprey 3
Permanent shelter for mod-
erately dormant fish:
- channel catfish 3,4,1(c,e)
- logperch 3
- silver chub 1(c,e)
Permanent substrate for:
- mussels 3,4 3,4,1(c,e)
- periphyton, invertebrates 3,4 3,4,1(c,e)
Temporary (b) shelter for
very dormant fish:
- shovelnose sturgeon 2,1(f)
Temporary shelter for mod-
erately dormant fish:
- channel catfish 2,1(f)
- logperch 2,1(f)
- silver chub 2,1(f)
Temporary substrate for mussels
at edge of bed 1(f) 1(d)
(a) Permanent refers to shelter that was probably available through the
entire winter regardless of flow.
(b) Temporary refers to shelter that was probably available only during
winter low flows. Moderate to high flows, for instance, would have
shifted small to medium sand ripples and troughs on sand flat micro-
habitats, forcing fish to relocate.
(c) observed outside pile area after disposal.
(d) observed inside pile area after disposal.
(e) suspected on stable substrates in pile area before disposal.
(f) suspected on sand flats in pile area before disposal.
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Specific Fish-Habitat Associations
Seven fish species were observed during this study: flathead catfish,
channel catfish, gizzard shad, logperch, silver chub, silver lamprey, and
shovelnose sturgeon. All gizzard shad observed were either dead or close
to death and appeared to be drifting; consequently, no winter habitat
association information for this species was obtained.
Flathead catfish often grouped together and clearly selected highly
structured, stable microhabitats during winter. Both logpiles and
boulder-dominated areas were used heavily. Pflieger (1975) and Smith
(1979) noted that summer habitats of flathead catfish also included
logpiles as well as undercut banks and other cover. These fish selected
shelter from current in the winter, probably due to their extreme degree
of winter dormancy. One individual, the largest observed, did not move or
actively respire during an observation period of approximately 5 minutes.
These results and the fish densities observed (up to 1 fish/m2 ), were
almost identical to those previously reported for Pool 4 (Hawkinson and
Grunwald 1979). However, Sites 3 and 4 apparently contained more logpiles
than did Pool 4 study areas. The importance of logpiles for flathead
catfish during winter should be studied further. Mike Talbot
(Wisconsin Department of Natural Resources, personal communication) has
reported that radio-tagged flathead catfish return to the same logpile
wintering dens year after year. Probably before navigation snagging and
clearing operations began in the 1800's, logpiles were the dominant
wintering structure used by flathead catfish in the Mississippi River.
There are fewer logpiles in the river now, and flathead catfish probably
use man-made structures, such as wingdams and revetments, as substitutes.
Whether the number of available winter microhabitats is now limiting
flathead catfish in the river is not known. However, Smith (1979) noted
that in Illinois there was no change in the status of this species; it may
be as common and widespread now as it has ever been.
Only relatively large (28-129 cm TL) flathead catfish were observed.
Smaller fish may have used other microhabitats or they may have been
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active enough to avoid the divers. Pflieger (1975) and Smith (1979) both
noted that young flathead catfish were often found among rocks and
riffles. Both divers noted that smaller fish of a given species seemed to
be more active than larger fish.
Channel catfish were never observed in groups. Individuals were
relatively small (10-31 cm TL) and widely scattered over flat, stable
substrates at Sites 3 and 4, although a few individuals were also observed
at Sites 1 and 2. While still generally dormant, these individuals were
more active than flathead catfish. Most swam away from the divers. When
first observed, most of the channel catfish were oriented into the current
behind a shell, cobble, or in a shallow depression in the substrate.
Perhaps the more active behavior of these individuals, whether due to the
nature of the species or their smaller size, allowed them to use
microhabitats with slightly less stable conditions, particularly
higher velocities, than flathead catfish.
Smith (1979) noted that in Illinois, channel catfish reached their
greatest abundance in clear, fast-flowing, sandor gravel-bottomed rivers
of medium to large size. Pflieger (1975) noted that channel catfish
retire during the day in summer to deep water or drift piles and move onto
riffles or into shallows to feed at night. Neither of these authors
mentioned any habitat differences between juveniles and adults.
One logperch swam out of a gap between boulders on the rock pile at Site
3. Three individuals were observed using sand ripple troughs at Site 2.
The occurrence of individuals in two very different microhabitats
suggests that they are not very selective. Pflieger (1975) and Smith
(1979) described the summer habitats of this species as varied in moderate
to large streams and rivers. Smith (1979) stated that logperch prefer
riffles over mixed sand and gravel.
Several individuals of silver chub were observed using troughs of sand
ripples at Sites 1 and 2. Smith (1979) noted that the species was a
poorly known large-river fish and that it was usually found in pools or
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deep, flowing channels over sand or mixed silt-sand-gravel substrates.
Pflieger (1975) noted that the silver chub lived on or near the bottom of
Missouri streams. Apparently, the winter habitats of this species are not
very different from its summer habitats.
One silver lamprey was observed attached to the convex side of a dead
mussel shell in water approximately 13 m deep at Site 3. The river bottom
was relatively flat and the substrate was a combination of gravel,
cobbles, and shells in a hard sand-clay matrix. The lamprey was
identified when it was brought to the surface. Starrett et al. (1960)
noted that the silver lamprey was the most common lamprey species in
northwestern Illinois. Smith (1979), describing the family, stated that
most adults were normally found either clinging to, or recently detached
from, host fish or in gravelly streams when they were migrating to their
spawning grounds. Lampreys spawn in gravelly riffles in the spring.
One shovelnose sturgeon was observed partially buried in a trough of a
sand ripple at Site 2. Pflieger (1979) reported that shovelnose sturgeon
inhabit open channels of large rivers, where they live on the bottom,
often in areas with a swift current and a sand or gravel bottom. They
feed entirely from the bottom; Diptera (true fly) larvae and caddisfly
larvae comprise most of their diet in the Mississippi River (Pflieger
1979).
Shovelnose sturgeon, silver chub and both catfish species were taken often
during summer and fall biological collections at the sites (Stang et al.
1984). All of these species were more widely dispersed during summer
(Table 5), indicating their greater mobility and perhaps less confining
microhabitat requirements at warmer temperatures.
Potential Effects of Thalweg Disposal
Effects of thalweg disposal can be divided into those associated with the
immediate deposition of dredged material and those associated with
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Table 5. Summer catches and winter observations of six fish species at five
Pool 13 dive sites. Gizzard shad were not included because those
observed during the winter were either dead or close to death.
Number of fish caught or observed at:
Species Season- Site Site Site Site Site
Method (1) 1 2 3 4 8
Silver lamprey SMR/HN 0 0 0 0 0
SMR/BT 0 0 0 0 0
WNR/DV 0 0 1 0 0
Shovelnose SMR/HN 17 1 5 12 0
sturgeon SMR/BT 55 11 3 8 2
WNR/DV 0 1 0 0 0
Silver chub SMR/HN 6 1 2 9 0
SMR/BT 2 2 1 0 0
WNR/DV 4 3 0 0 0
Channel catfish SMR/HN 5 0 1 2 1
SMR/BT 11 45 38 17 13
WNR/DV 1 3 17 (2) 1 0
Flathead catfish SMR/HN 38 22 32 32 27
SMR/BT 4 0 1 0 0
WNR/DV 1 0 40 (2) 30 (2) 0
Logperch SMR/HN 0 0 0 0 0
SMR/BT 0 0 0 0 0
WNR/DV 0 4 1 0 0
(1) SMR/HN = Summer (May-August), hoopnet
SMR/BT = Summer (May-August), bottom
WNR/DV = Winter diving observations,
catches, Stang et al. (1984).
trawl catches, Stang et al. (1984).
this study.
(2) Approximate counts; divers may have recounted fish on successive dives.
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secondary movement of the material. Our observations permitted discussion
of only the first category of effects.
The thalweg disposal pile placed at Site 8 was apparently located in an
area previously characterized by large sand dunes. A total of over 50
soundings in the area of the pile indicated that unstable sand was the
only substrate nearby. No species were observed on either of the dive
zones surveyed at this site. Since no microhabitat conversions or
populations were evident, no direct effects of disposal were measured or
suspected at this site.
The thalweg disposal pile at Site 1, however, was placed on a combination
of microhabitats, including sand flats (as indicated by bathymetric maps
and bottom samples, Stang et al. 1984) and stable gravel-cobble-bedrock
substrates. Estimates of surface area of converted microhabitat or
numbers of organisms affected by disposal at this site were limited by no
pre-disposal dive observations. The following estimates were made, albeit
crudely, assuming that the pile covered 3 ha (75 x 400 m), and that
two-thirds of the pile was placed on sand flats and one-third on
gravel-cobble-bedrock substrate. This proportion was estimated by
comparing pre-disposal bathymetric maps to a channel depth profile made at
the site (Figure 10), and substrate conditions and relative abundances of
mussels at Dive Zones 1, 2 and 3.
Stang et al. (1984) indicated that the channel bottom at Site 1 was
composed of fine to medium sand and that the bottom was relatively free
from dunes between December 1982 and October 1983. Of the sites surveyed,
this description best fits Site 2. I suspect that, in the absence of
disposal, sand flat microhabitats at Site 1 would have been used in the
winter by similar species and densities of fish as those observed at Site
2. Therefore, extrapolating from Site 2 fish densities and surface areas
covered, 2 ha of sand flat microhabitats that would have supported 600
silver chub, 600 small channel catfish, 800 logperch and 200 shovelnose
sturgeon were converted to sand dune microhabitats after disposal. Even
though these numbers were based on best available data, they should be
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viewed as crude estimates only. Any conversion of microhabitat should
also be considered in light of the potential lifespan of the pile. At
present this period is unknown, but it probably included the entire winter
of 1983-84.
Since the disposal operation took place in late October when water
temperatures were at 9.4-9.5 C (Stang et al. 1984), most fish would have
been active enough to escape burial. Mike Talbot (Wisconsin Department of
Natural Resources, personal communication), however, has noted that
flathead catfish become inactive at approximately 9 or 10 C in the
Mississippi River near Alma, Wisconsin. Had any logpiles or cover been
available at Site 1, some fish might have been buried. Although this was
not the case, the potential for fish burial must be considered when water
temperatures drop below 10 C and dormant fish may be concentrated in the
disposal area.
An unknown number of mussels on sand flats at Site 1 were probably buried
under the disposal pile. The assumption that mussels were on the sand
flats prior to disposal was based on the observation of numerous mussels
on the dunes after disposal, and the belief that many of these mussels had
tunneled up through the pile. Most mussels on the dune piles were
associated with downstream dune faces and troughs behind the dunes,
supporting this belief. Also, only a small percentage of the mussels had
caddisfly cases attached to their dorsal surfaces. If tunneling up
through the pile resulted in scouring of these cases, the mussels with
cases may have represented the small percentage that migrated laterally
onto the pile. Most of the mussels on the sand flats before disposal
probably migrated from the active mussel bed on adjacent stable substrate,
although some species may have used sand flat microhabitats at the edge
of the bed preferentially and for relatively long periods of time.
Estimates of mussel mortality resulting from burial were not made for
three reasons. First, there were no observations of mussel densities on
the sand flats, or any similarly used microhabitat, before disposal.
Second, the divers were not able to compile a complete list of species.
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Third, there was little available evidence to suggest what percentage of
mussels would have been able to survive burial by tunneling up through the
sand. For instance, we observed fat mucket mussels on the adjacent mussel
bed but not on the disposal pile. Marking and Bills (1980) showed that a
sand overlay depth of 26.5 cm was lethal (i.e., prevented emergence) to
50% of exposed fat mucket mussels. However, other factors limited the
application of even this rather specific result to our field observations.
Depths of different disposal dunes were variable. Lethal overlay depth
probably decreases at colder temperatures (Marking, personal
communication). Mussel emergence is additionally affected by the physical
characteristics of the species and the relative position of individuals
after burial (Marking and Bills 1980). Although we were not able to
quantify mussel mortality, we noted that hickorynut and butterfly mussels
were the most common species on the disposal pile. These may be more
resistant to sand burial than other species that were previously located
on the affected sand flats.
Because divers did not have enough time to adequately identify all of the
mussel species present, possible effects of disposal on an endangered
mussel species is open to speculation. To the best of the divers'
abilities, certain mussels observed were identified as hickorynuts.
However, this species (considered healthy) is very similar in outward
appearance to the endangered Higgin's eye mussel, Lampsilis hisginsi.
Only one individual hickorynut was brought to the surface for positive
identification. It seems possible that among the many mussels observed
and superficially identified as hickorynuts at Site 1, there may have
been some Higgin's eye individuals. One mussel expert (Marion Havlik,
Malacological Consultants, La Crosse, Wisconsin, personal communication),
reviewed the video tape of Dive Zone 1 and noted that the stable
substrates were similar to those used by Higgin's eye mussels at other
sites in the Mississippi River. Also while reviewing the mussel
literature after the field research, the author found a description and
photograph of a jeopardized mussel, the narrow papershell, Leptodea
leptodon, that he probably observed (without being able to identify it)
during dives at Site 1. There are no recent records of this species from
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the Mississippi River (Fuller 1980), and it has only been reported
historically in Pools 10 and 13. The presence of both of these species at
Site 1 remains unverified. To evaluate their presence at Site 1 and
whether they were affected by disposal will require future research.
Effects of the portion of the disposal pile that was placed on stable
gravel-cobble-bedrock substrates at Site 1 included conversion of one
microhabitat type to another of lesser value (i.e., number of ecological
functions), mussel burial, and burial of periphyton and invertebrates.
During dives made off the edge of the pile (Dive Zone 2 and the non-dune
areas of Dive Zone 3), two silver chub and one small channel catfish were
observed within an area of approximately 200 m2 . At equivalent densities,
the 1-ha area of disposal pile replaced stable substrate that would have
supported 50 channel catfish and 100 silver chub.
For the reasons noted above, mortality of mussels due to sand disposal on
stable substrates also was not estimated. However, mortality rates on
stable substrates were probably higher than on sand flats, since maximum
mussel densities on stable substrates were high (as many as 150-200 small
mussels/m2 ). Effects of burial on periphyton and invertebrate
populations were not estimated, but since these populations were not well
adapted to permanent burial under relatively deep sand, mortality was
probably high. Because only 1 ha of stable substrate was buried, the
associated loss of periphyton and invertebrate biomass may not have high
in comparison to the total biomass of these populations in the surrounding
areas. However, these populations serve as one of the factors that
attract shovelnose sturgeon to microhabitats in the upper reaches of Pool
13 during warmer seasons. Winter conversion of stable microhabitats that
support these populations into non-productive sand dunes, therefore, could
result in a reduced capacity of those microhabitats to feed and attract
shovelnose sturgeon during warmer seasons.
In summary, the two thalweg disposal sites represented opposite extremes
in terms of immediate effects of dredged material deposition. At one
site, where dredged sand was placed on already present dune microhabitats,
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no ecological effects were measured or suspected. At the other site,
where stable substrates or sand flats were converted to less ecologically
valuable sand dunes, substantial direct and possibly long-term effects
were suspected. Effects included reduction of winter (and possibly
summer) microhabitat ecological functions and direct mortality to mussel,
periphyton, and invertebrate populations.
Probably the most direct effects of thalweg disposal can be avoided by
establishing pre-disposal, microhabitat survey practices to insure that
disposal piles are placed only in areas of sand dune microhabitats.
Then efforts could be directed toward ensuring that secondary movement of
deposited sand does not adversely affect downstream microhabitats or
populations.
Winter Navigat ion
In recent years, the economic and environmental feasibility of winter
commercial navigation on the upper Mississippi River has been debated.
Although our objectives did not directly address this subject, our
observations indicated that both main channel microhabitats and
populations would be susceptible to disturbance from propellor wash that
accompanies winter navigation. Fish susceptibility would be dependent on
their degree of dormancy and their use of microhabitats close to the
navigation channel. Our observations at Site 2, which was in the main
channel, suggested that shovelnose sturgeon may be particularly vulnerable
to winter disturbance because they are very dormant and may seek out sand
flats in relatively shallow (i.e., less than 7.0 m) water. Similarly,
flathead and channel catfish were very to moderately dormant and used
microhabitats in or directly adjacent to the main channel.
The susceptibility of main channel microhabitats would likewise be
dependent on their proximity to the sailing line. Stable microhabitats,
like those at Sites 1, 3, and 4 with gravel-cobble substrates and mussel,
periphyton, and invertebrate populations would probably have reduced
numbers of ecosystem functions as a result of sand burial associated with
propellor turbulence.
40
Unlike thalweg disposal, there do not appear to be any precautions that
can be taken as part of a winter navigation program to prevent or reduce
the effects described above. As a result, the possibility of future
winter navigation on the upper Mississippi presents a major problem for
maintaining valuable main channel microhabitats and populations.
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Appendix I. Dive reports 1-21.
DIVE REPORT NO. 1
DIVE NUMBER 1 at SITE 8(MC-2), DIVE HOLE NUMBER 1.
DATE: January 17, 1984 START TIME: 10:10 a END TIME: 10:53 a MIN. DOWN:
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
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CAMERA: none
Obs. Posi-
No. tion(1)
1 0;0
2 0;0
3 0;0
4 0;0
5 -12;0
6 -26;0
7 -37;0
8 -45;0
9 -50;0
LENS: FILTER: FILM ROLL: TYPE:
FISH
CODE(2) No.
or EXP (3) Comment
Diver under surface of water to check equipment.
All O.K.
Diver descending with centerline spool.
Depth = 7.0 m.
Diver repositioning guidepole to more vertical posi-
tion. Substrate is medium-coarse sand, clean.
Diver deploying centerline by unrolling spool down-
stream.
Visibility = 1.2-1.5 m.
Dune crest (90-120 cm) observed as predicted by
previous soundings with guidepole. Substrate still
clean sand.
Nothing but random pattern of sand ripples.
Current pulling diver to his right. Diver securing
spool on bottom at 50-m mark.
Diver returning to dive hole for evaluation of
conditions, observations and planning of next dive.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Page 1 of 1
DIVE REPORT NO. 2 (continued)
DIVE NUMBER 2 at SITE 8(MC-2), DIVE HOLE NUMBER 1.
Obs. Posi-
No. tion(1)
FISH
CODE(2) No.
or EXP (3) Comment
24 -50;R1 EXP 20 F-2.5.
25 -49;0 EXP 21 F-2.5.
26 -50;R1 EXP 22-24 F-2.5.
27 -49;0 EXP 25
EXP 26-31
EXP 32-36
F-2.5.
F-4.0.
F-5.6.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Page 3 of 3
DIVE REPORT NO. 3
DIVE NUMBER 1 at SITE 8(MC-2), DIVE HOLE NUMBER 2.
DATE: January 18, 1984 START TIME: 1:44 p END TIME: 2:30
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: none LENS: FILTER: FILM ROLL:
FISH
CODE(2) No.
or EXP (3)
2 -5;0
3 -10;0
4 -15;0
5 -20;0
6 -25;0
7 -27 ; 0
8 -30;0
9 -33;0
Page 1 of 2
p MIN. DOWN:
TYPE:
Obs.
No.
1
Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
Fish Codes: None on this report page.
Number of fish observed or film roll exposure number.
Posi-
tion(1)
0;0
Comment
Depth = 8.5 m. Fine sand bottom, same as Dive
Hole No. 1
Diver at base of small dune, 30 cm in height, with a
45 degree downstream slope. Depth at downstream base
of dune = 8.8 m.
Depth = 8.8 m. Substrate is sand with irregular
ripples.
Depth = 9.1 m. Ripples 20-25 cm, crest-to-
crest, and 3 cm in depth.
Depth = 8.8 m. No change in substrate.
Depth = 9.1 m. No change in substrate.
Small twig, 61 cm in length, 4 cm in diameter.
Depth = 8.8 m. Some pea-size gravel in troughs of
ripples.
Empty snail shell in ripple trough with pea-size
gravel.
Depth = 8.5 m. No change in substrate.
Depth = 8.2 m. No change in substrate.
Shallow (approximately 30 cm) depression.
Depth = 8.2 m.
Depth = 7.9 m. Still sand bottom with irregular
ripples.
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10
11
12
13
14
-35;0
-40;0
-42 ;0
-45;02
-50 ; 0
(1)
(2)
(3)
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DIVE REPORT NO. 3 (continued)
DIVE NUMBER 1 AT SITE 8(MC-2), DIVE HOLE NUMBER 2.
FISH
CODE(2) No.
or EXP (3)
Obs.
No.
15
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Posi-
tion(l)
-47;0
Comment
Several leaves floated by as diver started back
to dive hole.
Diver back at dive hole to obtain camera, light,
sand sample bags and sideline. Generator malfunc-
tioning but still running, providing irregular light
intensity for camera.
Generator still malfunctioning. We decided to work
for about 10 more minutes to collect sand samples,
but to not take any photographs.
Plastic bag (with notch cut in top) filled with
sand from top of small dune.
Second plastic bag (no notch) filled with sand.
Generator quit. Diver returning to hole with center-
line and other gear in darkness. Diver reports that
even under natural light, the yellow plastic center-
line (1.3-cm diameter) is visible once eyes become
adjusted to dark.
16 0;0
17 -5;0
18 -4;0
19 -50;0
20 -50;0
Page 2 of 2
DIVE REPORT NO. 4
DIVE NUMBER 1 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
DATE: January 19, 1984 START TIME: 3:50 p END TIME: 4:55 p MIN. DOWN:
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: none
Obs.
No.
1
Posi-
tion(l)
0;0
LENS: FILTER: FILM ROLL: TYPE:
FISH
CODE(2) No.
or EXP (3) Comment
Guidepole resting on log at bottom. Small length of
centerline used to lash guidepole to log. Molluscs
and periphyton on log. Depth = 11.0 m. Logs and
small branches scattered over bottom. Substrate
composed of hard sand and gravel. Large number of
mussels within sight of guidepole.
GZSD 1 Dead and lying in debris.
2 -3;0
3 -5;0
4 -7;0
Substrate includes gravel and 8-10 cm diameter
cobbles. Periphyton on rocks and mussels.
Diver disturbing fine sand on bottom and creating
turbidity as he swims downstream.
Still firm bottom. Depth = 10.4 m. Substrate is a
matrix of hard clay and sand with 60 - 70% of the sur-
face comprised of gravel, cobble, or mussels. Some
small mussels buried just under surface.
Some gravel on bottom has the appearance of cinders,
ranging from pea-size to 2-5 cm in diameter,
a few are 5-8 cm in diameter. One heelsplitter
10 cm in TL. Little change in overall bottom
composition.
Depth = 10.1 m. Scattered dead shells, one larger
mussel with green rays. Some pea-size gravel with
occasional 15-20 cm diameter rocks.
Working slightly to left into an area of all sand
and scattered silt substrate. Velocity appears
reduced to about 1/2 of its value at guidepole.
5 -10;0
6 -12;0
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: GZSD = Gizzard shad.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 4 (continued)
DIVE NUMBER 1 at SITE 4(MCB-2), DIVE HOLE NUMBER 1
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
Depth = 10.7 m. Scattered patches of pieces of wood.
Flat bottom, silt to diver's right, more sand to left.
GZSD 1 Recently dead (no fungus or decomposition), 10-13
cm in TL. Ripples in sand perpendicular to
direction of flow, 20-23 cm crest-to-crest,
1-2 cm in depth.
Depth = 10.1 m. Substrate of fine sand (hard) with
scattered large stones 7.6 cm in diameter and large
numbers of dead shells. Upon probing the substrate
with his fingers, the diver uncovered several three-
ridge mussels. More dead shells than live mussels.
GZSD 2 Dead, both approximately 11.4 cm in TL.
Few scattered branches.
Sand bottom with leaf packs and fine detritus.
leaves are from aquatic vascular plants.
Some
Ripples in sand perpendicular to direction of flow,
20 cm crest-to-crest, 1-2 cm in depth. More plant
detritus in troughs of ripples. One large stone,
30 cm in diameter, and branches on sand bottom.
Large log encountered.
GZSD 2 Dead, 13 cm in TL.
Diver moving to left along log.
FHCF 1 91 cm in TL.
FHCF 1 61 cm in TL, lying under first FHCF.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: GZSD = Gizzard Shad; FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
7 -15;0
8 -20;0
9 -22;0
10 -23;0
11 -24;0
12 -25;0
3 -25;L3
-- ---------------
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DIVE REPORT NO. 4 (continued)
DIVE NUMBER 1 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
Obs.
No.
14
Posi-
tion(1)
-30;0
15 -32;0
16 -33;0
17 -34;0
18 -35;0
19 -36;0
20 -40;0
21 -42;0
22 -43;0
23 -45;0
24 -47;0
25 -48;0
FISH
CODE(2) No.
or EXP (3) Comment
Depth = 10.1 m. Another large log encountered.
Diver maneuvering downstream over many logs laying
perpendicular to the direction of flow and up to
20 cm in diameter. Sand bottom with irregular
ripples.
Substrate is clean sand. Depth = 10.1 m and increas-
ing gradually as diver drops back downstream.
Area of solid covering of dead clam shells.
Scattered gravel patches and more dead shells.
Depth = 10.7 m. Many shells.
Dead shells appear to be predominantly threeridges.
Depth = 10.1 m. Flat, fine sand bottom with
scattered patches of pea-size gravel. Dominant
feature is dead shells.
Decreasing dead shell densities, occasional leaves.
Small logs and branches imbedded in substrate.
mussels, 1-2 cm in TL. Still many shells.
A few
Depth = 10.1 m. Clean sand bottom with fewer dead
shells. One small log and scattered plant detritus.
One live threeridge, 10 cm in TL.
Scattered gravel and clay (reddish in color when
disturbed), but otherwise very hard substrate.
Firm bottom with small stones and gravel. Large
number of hickorynut molluscs, 5-8 cm in TL,
burrrowed into bottom. Periphyton growth on shells.
Firm bottom, one large (13 cm in TL) live mollusc,
2 dead molluscs (same species, probably washboards).
26 -49;0
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 4 (continued)
DIVE NUMBER 1 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(l) or EXP (3) Comment
27 -50;0 One log encountered, 15 cm in diameter.
FHCF 1 51 cm in TL, immediately behind log. No response
to light. Swimming off to diver's left, parallel to
current. Some turbidity but generally clearer than
water at MC-2. Depth = 10.1 m.
GZSD 1 Dead, 10 cm in TL.
28 -50;0 Diver returning to dive hole. One beer can observed.
29 -35;0 CNCF 1 15 cm in TL, swimming out of range.
-- - - - - - - - -- - - - - - - - - - - - - - - -
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; GZSD = Gizzard shad; CNCF = Channel
catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 5
DIVE NUMBER 2 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
DATE: January 20, 1984 START TIME: 11:01 a END TIME: 12:14 p MIN. DOWN: 73
DIVER: Anderson TENDER: Adamsky RECORDER: Duncan
CAMERA: Nikonos IVa LENS: 35 mmn
Obs.
No.
1
Posi-
tion(1)
-50;0
FISH
CODE(2) No.
or EXP (3) Comment
FHCF
GZSD
EXP
EXP
EXP
EXP
EXP
2 -45;0 EXP
EXP
3 -40;0
FILTER: yes FILM ROLL: 2 TYPE: 1000 ASA
Diver swam to downstream end of dive zone to begin
1 dive. Hoped to reduce turbidity and disturbance.
1 FHCF between two logs. Dead GZSD at head of FHCF.
1-2 Distance to subject (DTS) = 84 cm. F-4.
3 Same as above except different light position.
DTS = 84 cm. F-4.
4 Very little current near fish. No silt on fish.
Same photo and settings as above.
5 Same photo and settings as above.
6-7 Same photo and settings as above.
8 Dead gizzard shad on gravel bottom. F-4.
DTS = 84 cm.
9 F-5.6. DTS = 84 cm. Subject same as in EXP 8.
Sand on one side; gravel on other.
EXP 10 Sand side with some mussels, ripple marks perpen-
dicular to current. F-4. DTS = 84 cm.
EXP 11 Transition area between sand and gravel bottom,
some mussels present.
EXP 12 Gravel side, hard gravel bottom (2-4 cm in
diameter), dead mussel shells.
EXP 13 Same as number 12, hard gravel bottom very typical.
4 -35;0
5 -30;0
6 -25;0
Hard gravel bottom.
Hard gravel bottom.
Hard gravel bottoms
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; GZSD = Gizzard shad.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 5
DIVE NUMBER 2 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(l) or EXP (3) Comment
7 -20;0
8 0;0
EXP
EXP
EXP
9 0;0 FHCF
10 +3;1L EXP
EXP
EXP
11 +4;1L EXP
EXP
12 +3;1L EXP
13 +1;0 EXP
EXP
Hard gravel bottom.
Log at base of guidepole.
14 Hard gravel bottom with mussels; sand mixed in.
F-4; distance to subject still 84 cm.
15 Same as EXP. 14.
16 Large mussel on gravel bottom.
1 FHCF at base of guidepole behind log.
17 FHCF (61 cm in TL). F-4. Distance to subject
(DTS) = 84 cm. FHCF was between 2 logs.
18 Same as EXP. 17.
19 Same as EXP. 17.
20
21
Smaller FHCF upstream from larger one.
Same as EXP. 20.
22 Same as EXP. 17, larger catfish.
23
24
2 FHCF side by side.
Same as EXP. 23.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE NUMBER 3 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
DATE: January 20, 1984 START TIME: 12:36 p END TIME: 1:36 p MIN. DOWN: 60
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Nikonos IVa LENS: 35 mm FILTER: yes FILM ROLL: 3 TYPE: 1000 ASA
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
After dive number 2 at this site, we decided to
explore the log pile at the bottom of the guidepole
in detail. All observations were made by the diver
within a 4-m radius upstream, left or right of the
guidepole. Since the diver could not use
groundlines around the log pile, more accurate
positions of the observations could not be recorded.
FHCF
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
1
2-3
4
5
6
7
8
9
10
11
12
13
14
Pile of logs with large accumulation of FHC:
stacked on top of each other.
FHCF, 38 cm in TL. F-4. Subject distance
Head of FHCF, 76 cm in TL. Same settings as
Same subject as EXP 2-3 and tail of another
Stack of FHCFs.
FHCF.
Two FHCFs (each approximately 46 cm in TL).
FHCF (approximately 61 cm in TL).
Four FHCFs (approximately 38-61 cm in TL).
FHCFs stacked up behind log.
FHCF.
FHCF.
FHCF.
FHCF. No appreciable amount of silt on bod
sand bottom.
EXP 15 FHCF (approximately 91 cm in TL).
EXP 16 FHCF (approximately 61 cm in TL).
EXP 17 FHCF (approximately 46 cm in TL).
EXP 18-20 FHCF (approximately 61 cm in TL).
EXP 21 FHCF (approximately 46 cm in TL).
EXP 22 FHCF (approximately 76 cm in TL).
EXP 23 FHCF (approximately 46 cm in TL).
pathogens on any of the fish.
EXP 24-25 FHCFs on top of each other (46-61
Fs
* 84 cm.
above.
FHCF.
y. Fine
No signs of
cm in TL).
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 7
DIVE NUMBER 4 at SITE 4(MCB-2), DIVE HOLE NUMBER 1.
DATE: January 20, 1984 START TIME: 1:52 p END TIME: 2:28 p MIN. DOWN: 36
DIVER: Lubinski TENDER: Adamsky RECORDER: Duncan
CAMERA: none
Obs.
No.
1
Posi-
tion(l)
0;3L
LENS:
FISH
CODE(2) No.
or EXP (3)
FILTER: FILM ROLL: TYPE:
Comment
New diver followed a line previously deployed by the
last diver to a FHCF location.
2 0;3L FHCF 1 FHCF among logs.
Caddis flies on bottom, and covering logs. Current
velocity at right-front of FHCF mouth and 15 cm above
bottom = 0.11 m/sec. Two small leeches on dorsal fin
of FHCF. Current velocity at dorsal fin = 0.07 m/
sec. Most clams in area are floaters. Some caddis-
fly cases were disturbed when tying directional line
to the end of a log at the FHCF location. The insects
from these cases were floating in the limited current
about 15-20 cm downstream from the log end and
attached to the log by threads which the diver could
not see.
3 -2;0
4 -5;0
One fawnsfoot mussel observed.
Bottom with homogenous and relatively dense
cases (approximately 900 per square meter).
primarily on gravel, cobbles and shells.
caddis fly
Cases
5 -10;0
6 -12;0
One threeridge mussel with siphon extended.
Current velocity 30 cm off bottom = 0.29 m/sec.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE NUMBER 1 at SITE 3(MC-1), DIVE HOLE NUMBER 1.
DATE: January 23, 1984 START TIME: 9:50 a END TIME: 11:15 a MIN. DOWN: 85
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Nikonos IVa LENS: see FILTER: see FILM ROLL:4 TYPE: 1000 ASA
comments. comments.
FISH
Posi- CODE(2) No.
tion(1) or EXP (3) Comment
Diver explored Depth = 5.2 m. On side of rock pile. Dive begun with
within a 18-m filter and regular lens on camera.
radius of dive hole
on rockpile and later
as far as 76 m
downstream over a scour area. Groundlines could not be used because of
steep substrate gradients and snags, but estimates of distances from the
dive hole were made using marked intervals on the umbilical line.
Diver descending right (channel) side of rock pile.
Boulders and gravel, 30-60 cm in diameter, covered
with periphyton. Steep slope.
FHCF 1 30 cm in TL. Depth = 10.3 m. Stones and cobbles
up to 40 cm in diameter. Dead shells mixed in
between rocks and pockets of silt.
FHCF 1 30 cm in TL. Behind first on 45 degree slope.
EXP 0 Distance to subject (DTS) = 84 cm. F-4. Turbidity
somewhat higher than at MCB-2. Lower light reading
indicated by having to go to F-2.5. Slightly
stronger current than at MCB-2. Coloration on
catfish blends in with substrate.
FHCF 1
EXP 1
FHCFs in exposures 0 and 1 were oriented into
current.
EXP 2-3 F-2.5. DTS = 84 cm. Subject is FHCF oriented into
current on slope of rock pile.
Diver surfaced to take filter off camera. Then
descended again, working right side of pile.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
1
2
3
4
5
Page 1 of 5DIVE REPORT NO. 8
DIVE REPORT NO. 8
DIVE NUMBER 1 at SITE 3(MC-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
9 FHCF 2 38 cm in TL.
CNCF 1 15-20 cm in TL oriented into current behind
log, 8-10 cm in diameter. Swam away before
a picture could be taken.
10 EXP 4 FHCF, 38 cm in TL.
FHCF was about 1.2 m away from the FHCFs (2)
described above and was oriented directly into
current.
11 Large numbers of molluscs on bottom.
EXP 5-6 FHCF on bottom.
12 EXP 7 Sand, rocks and ruler on substrate similar to MCB-2.
13 One unidentified crayfish.
14 EXP 8 Subject is ruler in group of molluscs.
Diver's opinion is that more light will not help
photography because of turbidity. Diver
surfaced.
15 Diver descended with close up lens. Will be
shooting at about 38 cm with close up lens.
16 Working down right side. Caddis fly cases on ends of
logs. Diver dropping further downstream.
17 FHCF 2 Came out of stone dislodged by diver.
FHCF 1 38 cm in TL. Backing out of area.
EXP 9 FHCF, 34 cm in TL, among rocks. F-4.
EXP 10 F-8. DTS = 38 cm.
EXP 11 DTS = 28 cm.
EXP 12 F-5.6.
EXP 13-15 F-5.6. Diver going to bottom to take pictures of
substrate.
18 FHCF 1 In shell of a large mollusc.
EXP 16 FHCF, 30 cm in TL., in shell. F-5.6.
EXP 17 Same subject, different angle.
19 EXP 18 Subject is bottom substrate.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; CNCF = Channel catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO.8
DIVE NUMBER 1 at SITE 3(MC-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
20 EXP 19 FHCF, 30 cm in TL, oriented into current.
EXP 20 F-5.6. Diver moving to log on sand substrate.
21 FHCF 1 30 cm in TL. Positioned into current.
EXP 21 F-4. Subject is FHCF on sand and cobble bottom.
22 FHCF 1 Oriented into current on cobble bottom.
EXP 22-23 F-4. DTS = 38 cm.
23 EXP 24 Subject is sand and gravel bottom.
24 FHCF 1 41 cm in TL.
25 FHCF 2 41 cm in TL. Diver ascended to drop off camera.
26 Diver descended to survey area downstream of rock
pile.
27 Depth = 11 m. Descending on rockpile, more sand at
bottom. Depth = 13.4 m. Umbilical distance = 18 m.
28 From gravel-cobble bottom, diver slid to left into
sand with ripples perpendicular to current, 18 cm
crest-to-crest, depth = 2-3 cm. Clean sand still
sloping down to left. Still moving to left.
Scattered live molluscs. Substrate leveling out,
with more gravel. Diver leaving what appears to be
a sand bar downstream of rock pile. Depth = 15.2 m.
29 Diver working to right - more gravel, large numbers of
mussels. Umbilical distance = 30 m.
30 CNCF 2 11-13 cm in TL, on sand bottom with gravel; mollusc
GZSD shells. Dead GZSD on bottom.
31 Diver swinging further to right, depth decreasing.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; CNCF = Channel catfish; GZSD - Gizzard
shad.
(3) Number of fish observed or film roll exposure number.
Page 3 of 5
DIVE REPORT NO. 8
DIVE NUMBER 1 at SITE 3(MC-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
------------------------------------------------------------------------------------
32 Diver dropping further downstream from rockpile.
Gravel and cobble substrate.
33 CNCF 1 13 cm in TL. Umbilical distance = 38 m.
34 FHCF 1 46 cm in TL, oriented into current. Substrate
sloping up to right, diver centered on slope.
More molluscs.
35 CNCF 1 18 cm in TL. Most small CNCF seem to be
positioned behind shells and/or oriented into
current. Younger fish seem more alert. Occasional
patches of sand in area.
36 Diver dropping further downstream. More fine sand,
molluscs (threeridges).
CNCF 1 10 cm in TL. Oriented perpendicular to current,
but among shells. Depth = 12.6 m.
Large number of dead molluscs, but some live.
37 CNCF 1 23 cm in TL. Patches of sand. Predominant
features of substrate are molluscs and sand ripples.
38 CNCF 1 14 cm in TL. On predominantly sand substrate,
with ripples 20-23 cm crest-to-crest, 1-2 cm in
depth. More gravel and mussels, large patch of sand.
Umbilical distance = 66 m.
39 CNCF 1 14 cm in TL, in trough of sand ripples, very alert
and responsive to touch. All sand bottom, diver
swinging to left.
40 FHCF 1 58 cm in TL, resting on sand bottom.
41 CNCF 2 20 cm in TL, on sand bottom in ripple troughs.
All sand bottom.
42 CNCF 1 30 cm in TL, again using ripple troughs.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: CNCF= Channel catfish; FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 8
DIVE NUMBER 1 at SITE 3(MC-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
43 FHCF 1 36 cm in TL, sand bottom. Diver swinging to
left, more into area of gravel, cobble, and plant
detritus on sand bottom. 1-m field of view on
bottom. Umbilical distance = 76 m.
44 Diver returning to dive hole.
CNCF 1 23 cm in TL, in fork of log branch.
45 FHCF 1 38 cm in TL, in fork of a branch. More gravel;
substrate 50% shells and gravel, 50% sand.
Strands of Potamogeton crispus caught on clam shells.
Depth = 13.7 m. Diver dropping into depression.
46 CNCF 1 10 cm in TL.
CNCF 1 15 cm in TL. Diver at a depth of 14 m, ascending
a solid sand slope, leaving a depression with a
maximum depth of 15.3 m.
47 Diver at rockpile. Umbilical distance = 14 m.
48 LGPH 1 5 cm in TL. Came out of gap between rocks.
Diver working around to right side of rockpile.
49 FHCF 1 45 cm in TL. In rocks.
FHCF 1 60 cm in TL.
50 FHCF 14 Large concentration of fish at upstream right side
corner of rockpile, all nestled in log jams. Diver
estimated he was 14 m upstream from top of rockpile.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft; R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; CNCF = Channel catfish; LGPH -
Logperch.
(3) Number of fish observed or film roll number.
Page 5 of 5
DIVE REPORT NO. 9
DIVE NUMBER 1 at SITE 1(D-i), DIVE HOLE NUMBER 1.
DATE: January 23, 1984 START TIME: 3:55 p END TIME: 4:25 p MIN. DOWN:
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: none
Obs.
No.
1
Posi-
tion(l)
0;0
2 -4;0
3 -5;0
4 -6;0
5 -8;0
6 -15;0
7 -15;0
8 -17;0
9 -23;0
10 -25;0
11 -30;0
LENS: FILTER: FILM ROLL: TYPE:
FISH
CODE(2) No.
or EXP (3) Comment
Current similar to Dive Sites 3 - 4. Depth = 7.6 m.
Medium sand bottom. Random ripples, 18-25 cm crest-
to-crest, depth 2-5 cm. Random pattern.
Dip in bottom. Depth = 7.6 m at top, 8.4 m at
bottom. 45 degree slope. Coarse sand at bottom.
Slope length = 60 cm. Mussels are 50/50 live/dead.
5-m centerline mark is 1.2 m from base of slope.
2 or 3 mussel species and several size classes.
More clams, 3-4 per square meter. Depth = 7.8 m.
Few molluscs, little detritus in troughs of ripples.
At crest of a slope. 45 degree downstream angle.
Slope length = 40 cm. 15-m centerline mark is 1.8 m
upstream from top of slope. Crest height = 30 cm.
Not as many molluscs at base of slope.
Scattered molluscs.
Soft, unstable sand bottom. Hand can be pushed in
approximately 30 cm.
Depth = 7.0 m. Medium sand bottom. Looks like
miniature desert.
30-m mark at large crest. Depth = 7.3 m at top, at
bottom = 8.2 m. 45 degree slope. Unstable sand shifts
downstream when touched. Slope = 1.2 m in length,
coarse sand at bottom. More uniform ripples at
bottom, 13-15 cm crest-to-crest, 2-3 cm in depth.
A few clam shells at base of slope, ripples perpen-
dicular to base of slope.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
3C
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DIVE REPORT NO. 9
DIVE NUMBER 1 at SITE l(D-1), DIVE HOLE NUMBER 1.
Posi-
tion(l)
-33 ;0
FISH
CODE(2) No.
or EXP (3) Comment
Fewer clams, 2 per square meter.
13 -35;0 Depth = 8.2 m. Medium sand.
observed organisms are clams.
2-12 cm in TL.
Unstable. Only
Good size range,
14 -40;0
15 -44;O0
Depth = 7.9 m. Random ripples and troughs. 7-8 cm
in depth.
Diver at top of
bottom.
UN-D 1 Length of slope
firmer sand and
ridge. Depth at top 7.6 m., 8.5 at
= 1.2 m, Unstable. 45 degree slope,
clams at base.
16 -50;0
17 -61;0
Depth = 8.5 m.
Small ridge, 45
bottom. Depth =
Mussels 6-8 per
degree slope. Height = 30 cm top to
8.2 m at top, 8.5 m at bottom.
square meter.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: UN-D = Unidentified Darter.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
12
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DIVE REPORT NO. 10
DIVE NUMBER 2 at SITE 1(D-i), DIVE HOLE NUMBER 1.
DATE: January 24, 1984 START TIME: 9:55 a END TIME: 11:00 a
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Nikonos IVa LENS:close-up FILTER: no
FISH
CODE(2) No.
or EXP (3) Comment
MIN. DOWN: 65
FILM ROLL:5 TYPE: 400 ASA
pushed
to 800
Depth = 7.6 m. F-8. Distance = 2.75. Automatic.
2 -3;0
3 -4;0
EXP 1 At base of slope, subject is coarse material.
EXP 2 Molluscs several feet back from base of slope. F-8.
4 -4;10L EXP 3-4 F-5.6. Same subject. Depth = 8.5 m at base of
trough.
5 -4;14L No sharp slope. Maximum height = 13-15 cm.
Ripples only.
6 -4;14L EXP 5 F-8. Typical sand bottom with ripples.
7 -4;12L EXP 6 Molluscs at base of slope. F-8. Diver swinging
back to center line.
8 -10;0
9 -11;0
10 -13;0
11 -20;0
12 -27;0
13
EXP 7 Base of small trough with some coarse material.
Depth = 7.8 m.
EXP 8
EXP 9
F-8.
Imbedded ruler in small slope.
F-5.6. Ruler perpendicular to slope. Depth at base
of slope= 7.9 m.
EXP 10 Between F-5.6 and F-8. Pea-size gravel at base of
trough.
EXP 11-12 F-5.6. Depth = 7.6 m.
EXP 13
EXP 14-15
Depth = 7.9 m. Coarse sand at base of large trough.
F-8.
Same subject. Shows some ripples and gravel at base
of slope.
14 -27;10L EXP 16 Molluscs imbedded in slope.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
1
Posi-
tion(l)
0;0
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DIVE REPORT NUMBER 10
DIVE NUMBER 2 at SITE 1(D-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
15 -27;13L EXP 17 F-5.6. Group of molluscs at base of slope.
16 -27;14L Slope not as long as at centerline.
17 -27;20L End of slope. Depth = 8.5 m. No difference in
sand texture.
18 -27;21L SVCB 1
EXP 18-20 One fish sheltered behind small ridge.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: SVCB = Silver chub.
(3) Number of fish observed or film roll exposure number.
Page 2 of 2
DIVE REPORT NO. 11 Page 1 of 2
DIVE NUMBER 3 at SITE 3(D-1), DIVE HOLE NUMBER 1.
DATE: January 24, 1984 START TIME: 11:40 a END TIME: 12:45 p MIN. DOWN: 65
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Nikonos IVa LENS:close-up FILTER: no FILM ROLL: 6 TYPE: 1000 ASA
FISH
Obs. Posi- CODE(2) No.
No. tion(l) or EXP (3) Comment
1 0;0 Diver on bottom.
2 -15;0 Backing down ground line.
3 -25;0 Still backing.
4 -27;0 Depth = 7.0 m on top of trough crest.
At base of slope. Ripples and coarse materials.
5 -27;5L EXP 1 Several ripple marks approximately 30 cm up on
slope. F-8.
EXP 2 Minute ripple marks on slope. F-5.6.
6 -27;2L EXP 3 Depth = 7.7 m at base of slope. Slope length = 1.1 m.
Small ripples 5-7 cm, crest-to-crest, 1.5 cm
in depth.
7 -27;7L Noticeable decrease in slope. Slope length = 30 cm.
8 -27;11L Black spot on mollusc in slope.
9 -27;14L Wood chips and twigs 2-3 cm in dia. Slope length =
30 cm. Diver leaving end of sideline to swing
farther to left. Distances beyond end of sideline
estimated by diver.
10 -27;21L Slope length = 30.5 cm.
11 -27;23L Ripples blending into slope. Pea-size gravel on
bottom. Depth = 7.0 m.
12 -27;23L EXP 4-6 F-8. Where slope changes into ripples, pea-size
gravel.
EXP 7 Ruler across larger ripples.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Page 2 of 2DIVE REPORT NO. 11
DIVE NUMBER 3 at SITE 3(D-1), DIVE HOLE NUMBER 1.
Obs.
No.
13
Posi-
tion(1)
-27;25L
FISH
CODE(2) N
or EXP (
EXP
14 -27;22L
15
16
17
18
19
20
21
22
23
24
25
-27;14L
-25;1R
-20;1R
-15;1R
-10;1R
-5;0
-5;3R
-5;5R
-5;2L
-4;0
-5;0
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
13-]
15-1
19-:
21-
[o.
3) Comment
8 Slope length = 15.2 m. Pea-size gravel in trough
of ripples.
Diver going back to sideline. Ripples 8-10 cm.
crest-to-crest, 0.6-1.3 cm deep.
Diver returned to end of side line.
Moving up center line.
9 One meter to right of centerline at 25-m mark.
Depth = 7.0 m. Subject is small ripple.
10 Mollusc in trough. F-5.6.
LI Ripple marks, F-8.
12 Ripples.
14 Base of slope. Ruler parallel to slope. F-8.
16 Ripples below slope. Transition between slope
and ripples.
17 Slope of dune disappearing.
18 Molluscs. F-8.
20 F-5.6. Current meter at top of crest.
22 F-5.6. Current meter in trough behind crest.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
DIVE REPORT NO. 12 Page 1 of 1
DIVE NUMBER 4 at SITE 1(D-1), DIVE HOLE NUMBER 1.
DATE: January 24, 1984 START TIME: 1:18 p END TIME: 2:20 p
DIVER: Lubinski TENDER: Adamsky RECORDER: Duncan
CAMERA: none
Posi-
tion(l)
-4;1R
2 -4;1R
3 -8;0
4 -10;0
5 -15;0
6 -30;1L
7 -30;1L
8 -30;5L
9 -30;15L
LENS: FILTER:
MIN. DOWN:
FILM ROLL: TYPE:
Obs.
No.
1
FISH
CODE(2) No.
or EXP (3) Comment
Current velocity = 0.34 m/sec at top of crest.
Meter is 6 cm above substrate at bottom of crest.
Velocity = 0.07 m/sec, vane starting and stopping
as flow eddies cross over crest.
1 Hickorynut.
1 Black sandshell.
1 Unknown (resembles floater) mussel.
Upper edges of mussel shells supporting caddis cases.
1 Fragile papershell - 6 cm in TL.
1 Fragile papershell - 6 cm in TL.
1 Fawnsfoot - 4 cm in TL.
Current velocity, 6 cm above surface at top of crest
= 0.23 m/sec. Coarse, very unstable sand on slope.
1 Black sandshell - 10.2 cm in TL. Current
velocity at base of crest = 0.13 m/sec.
1 Pocketbook - 10.2 cm in TL.
1 Hickorynut - 5 cm in TL.
1 Pocketbook - 6 cm in TL. Mussels tend to be
scattered.
1 Pocketbook - 8 cm in TL.
3 Hickorynut approximately 5 cm in TL.
1 Black sandshell
Diver reporting identifications of only those mussels
that are more than 60% exposed.
1 Hickorynut. Concentration of mussels in a small
depression includes fragile papershells, hickorynuts,
a pink heelsplitter, and a wartyback.
Concentration of mussels around a half buried buoy.
1 Black sandshell. Fewer mussels to diver's right.
62
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
DIVE REPORT NO. 13
DIVE NUMBER 1 at SITE l(D-1), DIVE HOLE NUMBER 2.
DATE: January 24, 1984 START TIME: 2:50 p END TIME:
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: none
FISH
Posi- CODE(2)
tion(l) or EXP
0;0
LENS:
Vf1A
FILTER:
Page 1 of 1
3:15 p MIN. DOWN:
FILM ROLL:
25
TYPE:
NJo U
(3) Comment
Pea-size gravel, large numbers of mussels. Firm
sand-clay substrate, red-brown when stirred.
Depth = 7.8 m. Many snails and mussels.
SVCB
2 -11;0 CNCF 1 10 cm in TL.
3 -13;0
4 -15;0
5 -23;0
6 -23;1OR
7 -23;18R
8 -23;5L
9 -24;23L
10 -26;0
Cobbles 2-3 cm in diameter. Lots of mussels.
Depth = 7.0 m.
Lots of dead shells.
Pea-size gravel; clay - sand substrate. Numerous
live and dead mussels.
Depth = 7.6 m, fairly consistent bottom. Large amount
of detritus (leaves, dead parts of aquatic vascular
plants). Clumps of smaller mussels (up to 150-
200 per square meter).
Rock outcropping (bedrock), dark reddish brown.
About 2-3 square meters of exposed area.
Depth = 8.5 m at bedrock. Some fine sand overlaying
rock. Diver returning toward center of dive zone.
Diver swinging to left.
Bottom starting to slope up gradually toward shore.
Sand-clay substrate, with pea-size gravel.
Numerous dead mussel shells. Depth = 6.1 m.
Detritus and shells covering bottom.
Depth = 5.8 m. Larger amount of gravel.
GZSD 2
SVCB 1
Depth = 7.0 m.
10-12 cm in TL.
8 cm in TL.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: GZSD = Gizzard shad; SVCB = Silver chub; CNCF = Channel catfish.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
1
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DIVE REPORT NO. 14 Page 1 of 2
DIVE NUMBER 1 at SITE 1(D-1), DIVE HOLE NUMBER 3.
DATE: January 25, 1984 START TIME: 11:10 a END TIME: 12:04 p MIN. DOWN: 56
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: none LENS: FILTER: FILM ROLL: TYPE:
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
1 0;0 Substrate = bedrock with 2-5 cm of overlaying sand.
2 0;0 Diver pounded spike into crevice, and put hollow guide
pole over spike head.
3 0;0 Variety of substrates available.
4 0;0 Diver surfaced to get center and sidelines.
5 0;0 Diver then descended to deploy ground line.
6 0;0 Used 30 cm of centerline to secure it to guide pole.
7 0;0 Depth = 8.5 m. Dark brown bedrock
substrate with few centimeters of sand overlay.
8 0;0 Mussels in grooves of bedrock. Some ripples in sand.
9 -10;0 Depth = 8.5 m. Occasional molluscs in pockets of
bedrock and sand.
10 -15;0 Depth = 8.5 m. Heavier sand layer.
11 -20;0 Bedrock pieces to right.
12 -22;IL Gravel bottom.
13 -22;2L Sand to right of diver.
14 -25;0 Depth = 8.5 m. Gravel to left, gravel/sand to right.
15 -30;0 On transition zone.
16 -35;0 Depth = 8.5 m, on transition zone. Sand 15-20 cm
deep to diver's right.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
DIVE REPORT NO. 14
DIVE NUMBER 1 at SITE l(D-1), DIVE HOLE NUMBER 3.
Posi-
tion(1)
-40;0
18 -43;0
19 -50;0
20 -50;3R
FISH
CODE(2) No.
or EXP (3) Comment
All conditions same as Observation No. 16.
Large area of exposed bedrock.
Sand 15 cm deep on right. Centerline spool on
bedrock. To left, gravel and mussels and then
more gravel.
Diver working to right, looking for left edge of sand
dunes that were observed at Dive Hole No. 1.
21 -50;5R SVCB 1 10 cm in TL.
22 -50;6R
23 -45;14R
24 -45;10R
25 -40;0
26 -35;0
27 -30;0
28 -25;10R
29 -25;8R
Large sand ripple marks on bottom.
At a slope 60-90 cm high, 45 degree, 90 cm in
length.
Diver returning left to centerline. Slight sand
covering over gravel with patches of sand and gravel.
Boulder 30 x 30 x 60 cm at base of slope. Slope
tapering into bedrock. Centerline was probably pulled
to right by diver.
Umbilical twisted around centerline - cleared.
Diver moved up centerline, now working to right.
Found major ridge from Dive Hole No. 1. Base of slope
across from 25-m mark on centerline.
Diver working back to left looking for ground line.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: SVCB = Silver chub.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
17
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DIVE REPORT NO. 15
DIVE NUMBER 2 at SITE 1(D-1), DIVE HOLE NUMBER 3.
DATE: January 25, 1984 START TIME: 1:00 p END TIME: 1:55
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Nikonos IVa LENS: close-up FILTER: no FILM ROLL: 7
Obs.
No.
2
3
4
5
6
7
8
9
10
11
12
13
14
Page 1 of 1
p MIN. DOWN: 55
TYPE: 1000 ASA
Posi-
tion(1)
0;0
0;1L
0;2L
0;2L
-5;0
-8;0
-10;3L
-15;0
-20;2L
-20;3L
-22;3L
-22;3L
-30; 5L
-30; 4L
-30;3L
-30;0
(1) Centerline
Downstream
distance (m) from dive hole; sideline distance from centerline.
(-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
FISH
CODE(2) No.
or EXP (3)
EXP 2
EXP 3-4
EXP 5-6
EXP 7
EXP 8-9
EXP 10-11
EXP 12-13
EXP 14-16
EXP 17-18
EXP 19
EXP 20
EXP 21-23
EXP 24-26
EXP 27
EXP 28-29
EXP 30-32
EXP 33
EXP 34
EXP 35-36
Comment
Diver on bottom.
Exposed bedrock. F-5.6.
F-4.
Mussel in sand depression on bedrock.
Exposed bedrock.
Small piece of bedrock on sand bottom.
Small mussels on sand bottom and ridge in bedrock.
F-4.
Small group of mussels.
Mussels in sand pocket. F-4.
Gravel/cobble substrate-typical bottom.
Natural bottom, F-2.5.
Natural bottom, F-4.
Large mussel, washboard.
Concentration of smaller shells. F-2.5, F-4.
Leech on shell.
Large concentration of mussels.
Concentration of shells.
Shells in a small sand trough.
Heelsplitter.
Transition area of substrate.
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DIVE REPORT NO. 16
DIVE NUMBER 3 at SITE 1(D-1), DIVE HOLE NUMBER 3.
DATE: January 25, 1984 START TIME: 2:55 p
DIVER: Lubinski TENDER: Adamsky RECORDER:
CAMERA: none LENS: FILTER:
END TIME: 3:38
Anderson
FILM ROLL:
p MIN. DOWN: 43
TYPE:
Obs.
No.
1
Posi-
tion(l)
0;0
FISH
CODE(2)
or EXP
GZSD
2 0;0
3 -10;0
4 -14;0
5 -19;0
6 -20;1L
7 -20;3L
8 -25;0
9 -25;0
10 -25;0
No.
(3) Comment
1 One dead fish floated by during descent.
Diver collected mussels around base of guide pole.
Mussels included butterflys, pigtoes, fat muckets,
mapleleafs, and threehorns.
Scattered pieces of bedrock present on bottom.
Several large threeridge mussels.
Exposed area of bedrock.
Diver working to left. Cobbles, boulders, clean
stones, large numbers of mussels.
Washboard, 28 cm in TL. More washboards and
hickorynuts observed. Threeridge mussels appear much
larger than lower Illinois River specimens.
Transition area. Scars on pieces of bedrock.
Mapleleafs less common.
Diver returning to guide pole.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: GZSD = Gizzard shad.
(3) Number of fish observed or film roll exposure number.
Page 1 of 1
DIVE REPORT NO. 17
DIVE NUMBER 1 at SITE I(D-1), DIVE HOLE NUMBER 4.
DATE: January 25, 1984 START TIME: 3:40 p END TIME:
DIVER: Lubinski TENDER: Adamsky RECORDER: Anderson
CAMERA: none LENS: FILTER:
Page 1 of 1
4:00 p MIN. DOWN:
FILM ROLL: TYPE:
Obs.
No.
Posi-
tion(l)
FISH
CODE(2) No.
or EXP (3)
1 0;0
2 -5;0
3 -15;0
4 -30;0
Comment
-- -- - -- -- - -- -- - -- -- - -- ---.. .
This dive was made to briefly explore an area where
walleye eggs had been collected previously. Depth
at dive hole = 7.3 m.
Diver on bottom. Cobbles covered with fine sand and
much more periphyton than at Dive Holes No. 1 - 3.
Mussels 60% alive, 40% dead. Current noticeably
greater than at Dive Holes No. 1 - 3. Boulders,
25 cm in diameter.
Slope visable toward shore, very homogeneous bottom.
Cobbles 5-10 cm in diameter.
More detritus. Live mussels burrowed into bottom.
Depth = 6.4 m. Unidentified crayfish.
5 -35;0 FHCF 1 36 cm in TL. Diver working back to hole.
------------------------------------ ------------------
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
20
DIVE REPORT NO. 18
DIVE NUMBER 4 at SITE l(D-1), DIVE HOLE NUMBER 3.
DATE: January 26, 1984 START TIME: 9:15 a END TIME: 10:45 a
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Video
Posi-
tion(1)
LENS: FILTER:
MIN. DOWN: 90
FILM ROLL: 1 TYPE: VHS, B/W
FISH
CODE(2) No.
or EXP (3) Comment
Video Camera Dive at Site No.
Voice Tape No. 1, side 1.
1, Video Tape No. 1,
Recorder counter (RC) 300. Hickorynut clam.
Exposed rock.
Crossed ground line. RC = 465.
RC = 613.
RC = 734. Diver moving to left.
6 -20;5L
7 -20;15L
8 -20;15L
9 -20;12L
10 -20;1L
11 -20;1R
12 -20;-1R
RC = 992. Threeridge mussel.
Depth = 8.5 m.
RC = 1248. Threeridge mussel.
RC = 1345.
RC = 1397. Diver working back to centerline.
RC = 1486. Diver back at bedrock with
sand overlay.
RC = 1561. Diver working to right.
RC
RC
on
RC
RC
RC
RC
RC
13 -20;10R
= 1660. Ruler on sand ripples.
= 1796. Sound of airboat motor
voice tape.
= 2006. At top of crest.
= 2029. At base of slope.
= 2049.
= 2131.
= 2177.
Ruler and coarser material.
Top of slope with ripples.
Ripples at base of slope.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
4 -15;0
5 -20;0
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DIVE REPORT NO. 18
DIVE NUMBER 4 at SITE 1(D-1), DIVE HOLE NUMBER 3.
Posi-
tion(l)
-20;15R
FISH
CODE(2) No.
or EXP (3) Comment
RC = 2300. Changed Voice Tape No. 1 to
side 2.
15 -20;10R
16 -20;5R
17 -30;1L
18 -30;4L
19 -30;7L
20 -30;0
-30;5R
21 -30;10R
22 -40;0
23 -40;5R
24 -40;4R
RC = 2380.
RC = 2436. Piece of wood.
RC = 2530. Little pockets of shells.
RC = 2630. Top of pile. Slope = 72 cm in
length. Ruler in picture.
RC = 2649. On edge of pile at bedrock.
RC = 2730. At centerline.
RC = 2810. Diver working to left.
RC = 2863.
RC = 3075. Leeches.
back to centerline.
RC =
RC =
RC =
Diver working
3154. Diver at centerline.
3205.
3260. Fat mucket.
RC = 3330.
RC = 3444. Small, 30-cm ridge on bottom.
RC = 3555. 40-cm ridge.
RC = 3620. Ruler at base of slope.
Diver swinging to right.
RC = 3703. Tip of ruler at bottom of
108-cm slope.
RC = 3900. Butterfly.
25 -40;0 RC = 3940. Diver back at centerline.
Fat mucket.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
14
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DIVE REPORT NO. 18
DIVE NUMBER 4 at SITE 1(D-1), DIVE HOLE NUMBER 3.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
26 -40;1L RC = 3994. Bedrock substrate. Diver working
to left.
27 -40;5L Mussels on sand overlaying bedrock.
28 -40;0 Diver on transition zone.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: None on this report page.
(3) Number of fish observed or film roll exposure number.
Page 3 of 3
DIVE REPORT NO. 19
DIVE NUMBER 2 at SITE 3(MCB-1), DIVE HOLE NUMBER 1.
DATE: January 26, 1984 START TIME: 2:48 p END TIME: 3:55 p MIN. DOWN: 67
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Video LENS: FILTER: FILM ROLL: 2 TYPE: VHS, B/W
FISH
Obs. Posi- CODE(2) No.
No. tion(l) or EXP (3) Comment
See comments for Video camera dive at Site 3. Video Tape No. 2 and
Dive Report No. 8. Voice Tape No. 2.
1 Diver working right side of rockpile.
2 Depth = 3.9 m. Steep slope, rock and cobble covered
with silt and periphyton. Boulders, 60-90 cm in dia.
3 GZSD 2 Dead in crevices of boulders. Depth = 5.7 m.
Umbilical distance = 7 m.
4 Recorder Counter = 470. Shells with periphyton.
5 FHCF 1 RC = 540.
6 RC = 690. Diver going to log jam at upstream base of
rockpile (see Dive Report No. 8).
7 GZSD ? Many dead fish, 8-10 cm in TL. Depth = 8.8 m.
8 FHCF 2 RC = 860. Depth = 8.8 m. Both fish
in depression.
9 FHCF 5 RC = 1085. Sand bottom in depression
on side of rockpile.
10 FHCF 4 RC = 1160. Along side of each other.
Voice Tape No. 2 started.
11 FHCF 1 RC = 1235. Fungus on tail.
12 FHCF 2 Small fish in cavities. Umbilical distance = 34 m.
Diver working upstream, along right side of rock
pile.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: GZSD = Gizzard shad; FHCF = Flathead catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 19
DIVE NUMBER 2 at SITE 3(MCB-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(1) or EXP (3) Comment
13 RC = 1385. On fine silt/sand bottom.
FHCF 1 63 cm in TL. Wedged in behind large boulder.
14 RC = 1585. Diver drifting downstream.
RC = 1683. More mussels at edge of
rockpile.
15 FHCF 1 RC = 1737. Depth = 8.5 m. On side of
pile between boulders, 45 cm in TL.
16 FHCF 1 RC = 1910.
17 FHCF 1 RC - 2108. 129 cm in TL. Fish on
bottom beside rockpile. Breathing rate = 0.
18 FHCF 1 RC - 2401. Small fish under log branch.
19 RC = 2490. Depth = 10.0 m. Umbilical
distance = 31 m. Diver dropping back from rock
pile over gravel and fine sand bottom.
20 RC = 2610. Diver swinging to right.
21 RC = 2640. Depth = 11.8 m. Umbilical
distance = 43 m.
22 RC = 2740. Sand area behind rockpile.
Umbilical distance = 47 m.
23 RC = 2834. Gravel substrate. Umbilical
distance = 53 m.
24 CNCF 1 24 cm in TL. RC = 2975. Depth = 13.4 m.
RC = 2991.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; CNCF = Channel catfish.
(3) Number of fish observed or film roll exposure number.
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DIVE REPORT NO. 19
DIVE NUMBER 2 at SITE 3(MCB-1), DIVE HOLE NUMBER 1.
FISH
CODE(2)
or EXP
FHCF
No.
(3) Comment
1 RC = 30 91.
27
28 CNCF 1
FHCF 1
29
30
31
32
33
RC = 3160. Changed Audio Tape to No. 3, side 1.
RC = 3210.
28 cm in TL. RC = 3332.
CNCF 1 Having trouble swimming in current. RC = 3421.
SVLP 1 RC = 3510. Lamprey, 27 cm
convex side of dead shell.
cobble, shells and gravel,
in TL., attached to
Substrate is mixture of
in sand-clay matrix.
RC = 3718. Diver coming up rock pile.
RC = 3791. Camera off.
RC = 4000. Surface shots of diving
operations on ice.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: FHCF = Flathead catfish; CNCF = Channel catfish;
SVLP = Silver lamprey.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
26
Posi-
tion(1)
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DIVE REPORT NO. 20
DIVE NUMBER 1 at SITE 2(DH-1), DIVE HOLE NUMBER 1.
DATE: January 27, 1984 START TIME: 11:16 a END TIME: 11:50 a MIN. DOWN: 34
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: none LENS: FILTER: FILM ROLL:
FISH
)bs. Posi- CODE(2) No
lo. tion(1) or EXP (3
1 0;0
2 -3;0 CNCF 1
LGPH 1
) Comment
Diver on bottom. Depth = 7.0 m. Substrate is medium
grain, clean sand. Little detritus.
12 cm in TL, in trough of sand ripple.
6 cm in TL.
3 -6;1L CNCF 1 31 cm in TL, behind crest of ripple. Ripple marks
irregular, 18-20 cm crest-to-crest, 2-5 cm deep.
No detritus or mussels.
Depth = 6.4 m. Ripples irregular.
Depth = 6.1 m. Clean sand bottom.
4 -10;0
5 -15;0
6 -20;0
7 -25;0
Depth = 6.1 m. Clean sand bottom. Ripples perpen-
dicular to current. Occasional bark and twigs.
Depth = 5.7 m
8 -30;1R CNCF 1 15 cm in TL, in sand trough, very active.
9 -35;0
10 -40;0
11 -45;0
12 -48;0
Depth = 5.7 m. Unchanged substrate.
Depth = 5.7 m.
Depth = 5.7 m, substrate is medium grain, clean sand.
Slight drop off, depth = 5.6 m at top.
45 degree grade in first 2 m. Depth = 6 m,
downstream of slope. Ripples run parallel to current,
12 cm crest-to-crest, 1 cm in depth.
Diver at edge of apparent hole. Suggests exploration
of hole on next dive.
13 -50;5R
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: CNCF = Channel catfish; LGPH = Logperch.
(3) Number of fish observed or film roll exposure number.
C
N
TYPE:
wmý0004ýý~ am ý ý ýýQm ftww.ý
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DIVE REPORT NO. 20
DIVE NUMBER 1 at SITE 2(DH-1), DIVE HOLE NUMBER 1.
FISH
Obs. Posi- CODE(2) No.
No. tion(l) or EXP (3) Comment
14 No mussels at base of slope.
15 -50;0 Depth = 6.1 m.
16 -55;0 Hole still to diver's right, steep slope. Depth at
crest = 6.1 m; 6.7 m at base.
LGPH 1 4 cm in TL.
17 Irregular ripples.
18 -60;0 Depth = 6.7 m.
19 Visibility = 1.2 m. Diver returning to dive hole.
20 0;0 Current velocity = 0.07 m/sec, 1 m above substrate;
0.40 m/sec, 4 m above substrate (3 m below surface
of ice).
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: LGPH = Logperch.
(3) Number of fish observed or film roll exposure number.
Page 2 of 2
DIVE REPORT NO. 21
DIVE NUMBER 2 at SITE 2(DH-1), DIVE HOLE NUMBER 1.
DATE: January 27, 1984 START TIME: 12:10 p END TIME:
DIVER: Anderson TENDER: Adamsky RECORDER: Lubinski
CAMERA: Nikonos IVa LENS:close-up FILTER: no FIL:
Posi-
tion(l)
-5;1L
FISH
CODE(2)
or EXP
EXP
1:22 p MIN. DOWN: 72
M ROLL: 8 TYPE: 1000 ASA
No.
(3) Comment
2 F-8.
2 -10;10R
EXP
EXP
3
4
3 -10;0
Sand dunes and ripples.
F-5.6.
Dead shell, F-8.
Working back to centerline.
Dropping back downstream centerline.
4 -15;2R EXP 5-7 Well defined ripples with distinct crests.
5 -15;0
6 -20;0
7 -20;10L
8 -20;5R
-20;10R
Working back to centerline.
Working to left.
No interesting variations in ripples. Some large
and smaller secondary ripples. Depth = 6.1 m.
EXP 8 F-8. Working to centerline.
EXP
No change in bottom conditions.
9 No change in bottom conditions.
9 -35;lR UN-M 1 3 cm in TL. Maybe a logperch (author's note: this
EXP 10 identification was not confirmed by photographs).
10 -40;1R UN-M 1
EXP 11
4 cm in TL. Same comment as above.
11 -43;0 UN-M 1 Swam off - no exposures.
12 -46;0 EXP 12-13
UN-M 2
13
1 GZSD. Almost dead. Diver swinging to right.
At base of slope.
Diver working into hole to right. Hole depth at base
= 7.0 m.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: UN-M = Unidentified minnow ; GZSD = Gizzard shad.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
1
F-8.
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DIVE REPORT NO. 21
DIVE NUMBER 2 at SITE 2(DH-1), DIVE HOLE NUMBER 1.
FISH
CODE(2) No.
or EXP (3) Comment
UN-M 3 3 cm in TL.
GZSD
EXP
1 Dead.
14
SVCB 1 8 cm in TL.
EXP 15-16
SVCB
EXP
1 8 cm in TL.
17
Behind first SVCB.
18 -50;10OR GZSD 2 Dead at
EXP 18-19
SVCB
EXP
base of dropoff. Some wood debris. F-8.
1 10 cm in TL.
20
LGPH 1 3 cm in TL. Bent tail helping it maintain
orientation into current.
21 -50;10R EXP 21 Dropping downstream and working back to centerline.
Base of another small ridge. Detritus. F-8.
22 -55;0
23 -57;0
24 -60;10L
25 -60;10L SNSG
EXP
EXP
EXP 22 Sweeping left. At base of slope, clean sand
bottom, different ripple marks, working back to
centerline.
EXP 23-24 Dead mollusc, oblong, F-8.
Swinging to left. Nothing different about bottom.
1
25-30
31-32
46 cm in TL.
In sand trough.
Long tail. F-5.6. Sturgeon started to swim after
provocation with ruler. Undulating, not moving
very far.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: UN-M = Unidentified minnow; GZSD = Gizzard shad; SVCB = Silver
chub; LGPH = Logperch; SNSG = Shovelnose sturgeon.
(3) Number of fish observed or film roll exposure number.
Obs.
No.
14
Posi-
tion(l)
15
16
17
19
20
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DIVE REPORT NO. 21
DIVE NUMBER 2 at SITE 2(DH-1), DIVE HOLE NUMBER 1.
FISH
CODE(2)
or EXP
EXP
No.
(3) Comment
33 SNSG using fins like feet, as braces (into sand)
against flow. Low in trough. Gill plates moving now.
EXP 34 Sturgeon following diver and light upstream.
28 +2;0
29 -3;0 LGPH
EXP
Diver returning to guide pole. Upstream from pole
is another slope. Depth = 5.7 m at top.
1
35
30 0;0 EXP 36 Pole and base line.
31 -5;0 EXP 37 Shot of 5 m tag on centerline.
(1) Centerline distance (m) from dive hole; sideline distance from centerline.
Downstream (-); Upstream (+); L)eft, R)ight (both facing upstream).
(2) Fish Codes: SNSG = Shovelnose sturgeon; LGPH = Logperch.
(3) Number of fish observed or film roll exposure number.
Posi-
tion(1)
-60;10L
Obs.
No.
26
27
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Winter Diving Surveys of Main Channel Microhabitats and Fish Populations
in Mississippi River Reaches Subjected to Thalveg Disposal: Appendix II -
Photographic Materials.
Table II - 1. Photographic negatives, and indexed prints and slides.
Film
Roll
1
Type
(ASA)
160
Dive
Rep.
No.
2
Total
Expo-
ures
1-36
2 1000 5 1-22
3 1000 6 2-25
4 1000 8 0-24
5 400 10 1-19
6 1000 11 0-22
7 1000 15 1-36
8 1000 21 1-37
Material included in Appendix II
Negatives
all
all
all
all
all
all
Prints
1-23
2-25
0-24
1-20
1-22
2-36
2-37
Slides
all (1-36)
23
7, 10, 24
12, 17, 18, 19,
20, 23, 24
all (1-20)
3, 5, 8, 20, 21
2, 5, 10, 13, 14,
22. 26, 28, 31, 36
18, 20, 27, 31
NOTE: The photographic materials described in this table have been submitted
to the Rock Island District, U.S. Fish and Wildlife Service.
